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FOREWORD

, This document presents information for the AMC Manufacturing
Methods and Technology (MMT) Program for Fiscal Years 1984-1988.
The projects and funding levels for the out-years are for
planning purposes only and will change based on technological
developments and revisions in program requirements. Since total
funding for these planned projects exceeds the projected funds
for the Army's MMT Program, some projects will not be funded or
may be slipped to later fiscal years. HQ, AMC and its sub-
commands and centers have the authority to reprogram funds to
projects with higher priority, thereby affording the flexibility
to accommodate new opportunities as they arise.
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I. INTRODUCTION

The MMT Program Plan

The MMT Program Plan, CY 1984, provides within a single source a sum—
mary of current and near-term efforts included in the Army Materiel
Command (AMC) MMT Program. Since weapons systems requirements and the
technology for these systems are constantly changing, inclusion in the
Program Plan is not a guarantee that an individual project will be
funded. However, the Plan does serve as an indicator of the areas
towards which AMC's resources will be directed and the magnltude of the
Army's commitment to this program,

Organization of the MMT Program Plan

This document contains a "Command Plan” for each AMC major subordi-
nate command or other AMC activity that sponsors MMT projects during the
fiscal years 1984-88 (FY 84-88)., Each plan is introduced by a command
summary that describes organizational responsibilities and major areas of
technological endeavor. Following this summary is a list of all projects
under the command's sponsorship. Projects are grouped according to broad
"Categories” and then arranged into subgroups by "Components.” The
category/component descriptors are product related although a few des—
cribe manufacturing processes. Individual projects are identified by the
four digit project number and title. Project information includes: a
brief description of the manufacturing problem addressed by the project;
the proposed solution; and, the proposed funding requirements.

In December 1983, questionnaires were distributed to the 600 industry
recipients of the 1983 MMT Program Plan. This endeavor to solicit a
frank reaction to the Plan had dual purposes. First, it measured the
general effectiveness of the 1983 edition. Second, it identified
industry's requirements for information. Over 200 questionnaires were
returned and most of them contained suggestions for improving the Plan.
The response prompted a reorganization of this year's edition and the
expansion of the "Industry Guide." The industry feedback was apprecia-
ted. The criticisms were constructive in nature; and, many laudatory
remarks indicated the Plan's value to potential contractors.




The MMT Program

The Manufacturing Methods and Technology (MMT) Program serves the US
Army Materiel Command as a bridge between research and development and
production. The program's primary aim is to reduce the cost of weapons
system acquisition by improving the efficiency of manufacturing processes
and by implementing new technology. Although cost reduction is a primary
concern, the emphasis is also directed toward efforts reducing air and
water pollution, increasing safety, conserving energy, K reducing depend-
ency on critical material, improving producibility and increasing
productivity. ‘

¢

Need for MMT

The MMT Program is a major DOD tool for improving productivity and
reducing end product and spare parts costs. Although the United States
still leads in productivity, countries such as Japan and West Germany are
rapidly closing the gap. With the real dollars available for defense
production shrinking, the Army must achieve productivity growth to get
more for each dollar invested. The following excepts illustrate the
emphasis being given to the MMT Program.

Excerpt from the "Report of the Secretary of Defense Caspar W.
Weinberger to the Congress,” dated 1 February 1984:

"The Manufactur ing Technology Program is a broad-based program to Improve the
productivity and responsiveness of the defense industrial base by investing
in advanced technologies for the production of DOD materiel. This program
has been In existence for over 20 years, and we Iintend to continue to give it
priority attention because of its demonstrated high-payoff record and its
abllity to improve industrial productivity on a broad national basls.”

Excerpt from “"The FY 85 Department of Defense Program for Research,
Development and Acquisition” by Richard D. DelLauer, Under Secretary of
Defense for Research and Engineering to the 98th Congress, Second
Session, 1984:

"This program will continue to receive prior ity attention because of its
demonstrated high-payoff record in establishing new '"factory floor" manu-
factur Ing processes which reduce lead times and their attendant costs and
improve productivity on a very broad national base. Recent accomplishments

include: (a) a new process to manufacture high purity Gallium Arsenide
mater jal used in integrated circuits In guidance control systems for several
missile systems. Actual savings to date are $4.8 Million after an invesiment

of $528 Thousand. Additional savings are expected fo be another $6.6
Million; (b) a new process of electronically Inspecting alrcraft fastener
hotes is ten times faster than manual methods and is expected to provide $20
Million in savings on the C-5 wing modification alone."




Excerpts from a statement by Ms. Mary Ann Gilleece, Deputy Under
Secretary of Defense for Acquisition Management,. Office of the Under
Secretary of Defense for Research and Engineering before the Subcommittee
on Seapower and Strategic and Critical Materials of .the Committee on
Armed Services, House of Representatives, 8 March 1984:

"\« JMANTECH projects are expected to result In a first case, "factory floor"
‘app'lvlcaﬂon of productivity enhancing technologies. The Investments are
~ viewed as "seed money" necessary to reduce the technical and fiscal .risk of

follow-on Implementation. They actually demonsirate that the technology is

effe?:‘_rlve and should be considered by others throughout the industrial base.
investments which simply result in a report which may or may- not be used are
discouraged. . This strategy has .paid off over the years. Estimates of

MANTECH payoff vary from 3:1 to 5:1 depending on the basis of the estimate.

"Most MANTECH projects are executed By the private sec‘l'or.‘ The exceptions
occur mainly in such areas as ammunition or large caliber weapons where the
DOD owns the industrial basec...

"MANTECH has been predominantly funded from 12 separate procurement accounts
for about 20 years, However, during the review of the FY 84 budget, the
Congress provided guidance that the program should be funded from RDT&E
appropriation. DOD disagreed with this view because MANTECH investments
provide technology which is used on the "“factory floor" and therefore,
uitimately supports the procurement budget. There is no doubt in our minds
that the individuals and organizations in DOD's production infrastructure are
best able to identify, justify and manage MANTECH investments. They know
where and how industrial productivity can and should be improved. We believe
it is logically inconsistent to require them to use RDT&E funds and RDT&E
administrative procedures to spend those funds for MANTECH investments when
the rest of our Industrial base Investments are funded from the procurement
appropr iations.”

‘While the program continues to receive strong support from top execu-
tives within DOD, recent actions by Congress have not been so favorable.
The Army's FY 83 MMT budget request for procurement funding was deleted
by the House Committee on Appropriations. The Army program was adminis-—
tratively transferred to the RDT&E appropriation where about half of the
FY 83 money, $50 million, was eventually restored. The Navy and Air
Force were not affected. A year later, Army again included most of its
FY 84 request in the procurement budget; and, once again the committee
rejected this approach. As a result, Army's FY 84 MMT Program as well as
those sponsored by the other Services were funded from RDT&E. The FY 85
budget requests from all Services were submitted in the RDT&E appropria-
tions to avoid the risk of losing the program entirely. It appears that
future programs will continue to be a part of RDT&E. The House committee
did grant special protection to FY 84 MMT funds so they could not be used
for other purposes. The committee declared the MMT Program to be "of
special interest” and no appropriated funds may be reprogrammed without
prior approval.




The money saving and productivity enhancing aspects of the MMT
Program have been under Congressional scrutiny for years. Congress'
General Accounting Office (GAO) in its most recent audit, observes that
DOD has taken positive steps toward improving its management of the
program; however, only a limited number of these improvements have been
fully achieved. They point to the imprecise methods used in accounting
for financial benefits as a major weakness. They concluded that the
three Services continue to have trouble assuring the .implementation of
successful projects into contractor and government facilities. 1In addi-
tion, well documented cost savings for implemented projects have been
difficult to obtain. This difficulty is most apparent when the
implementing facility has not been contractually required to report
productivity and cost differences brought about by the:.new manufacturing
method. Although the Army has developed a program control automated
information system which includes a module to track ‘and document the
results of implementation, the House committee expects the establishment
of well defined, uniform, tri-Service systems to manage the program.




II. PLANNED FUNDING

MMT Summary

Expenditures planned by the AMC Major Subordinate Commands approach
$486 million during the five year period. Starting at approximately $73
million in FY 84, the planned annual funding level more than doubles at
the end of the period.

The Army MMT Program is controlled by a standard accounting system
which contains five different appropriations. 1In some cases, several of
the commands share an appropriation. For example, the Weapons and
Tracked Vehicles appropriation is used by three commands: AMCCOM, DESCOM,
AND TACOM. The distribution of the appropriations among commands 1is
shown on the following table. The level of planned expenditures within
each appropriation is illustrated by the second table. The series of bar.
charts illustrate the tabular funding data graphically. These charts
also compare the planned expenditures with the funding limits prescribed -
for the AMC "summer reviews” of the RDT&E Budget estimates and Apportion-
ment requests. '
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Military Adaptation of Commercial Items (MACI)

The MACI Program encompasses those projects that explore the
feasibility of adapting commercially available products to meet Army
requirements. These products could be used as replacements for standard
items in the Army inventory. Or, they might be used to meet either new
or increased performance requirements.

A MACI project is a cost saving alternative to an Army sponsored
developmental program. With MACI, the Army searches the commercial
market for nondevelopmental end items or components which might meet
requirements. These items have built-in advantages: RDT&E has been done
independently by the manufacturer and an operational history is usually
available.

A sample item is purchased and evaluated. The evaluation typically
includes minor engineering modifications and testing of the item which
leads to the preparation of performance specifications. At this point,
the MACI project draws to a close and procurement of the item, in
quantity, begins.

In recent years, the MACI Program has provided standardized technical
parameters and tests to guide the acquisition of less costly commercial
hydraulic systems and replacement components. It has also evaluated an
amphibious system capable of delivering 30 tons of cargo over land,
water, surf and marshland at speeds up to 60 mph. The system currently
being analyzed is called the Lighter Air Cushion Vehicle (LACV-30).

The approximate dollar sizes of the past, current and planned annual
budgets are listed below:

Fiscal Year Dollars (Millions)

1982 1
1983

1984 1
1985 1
1986 . 1
1987 1

MACI projects, like MMT projects, are funded by the RDT&E appropria-
tions. The Tank-Automotive Command (TACOM) and the Troop Support Command
(TROSCOM) are AMC's most active sponsors of MACI projects. TACOM's
evaluations focus on the commercial vehicle market while those of TROSCOM
are in the areas of commercial generators, construction equipment and
climate control systems.

13




Analysis of Previous Planning Data

Percent of Projects Previously
Planned and Published in the:

NUMBER OF 1981 PLAN 1982 PLAN 1983 PLAN
FISCAL REVIEW CYCLE PROJECTS (FY 81-85) (FY 82-86) (FY 83-87)
FY 85 APPORTIONMENT 143 34.3 58.0 81.8
FY 86 BUDGET 319 —_— 31.7

This table shows the number of projects that currently remain in each of the
two most recent fiscal review cycles.

50.5

projects that appeared in previous editions of the MMT Program Plan.

illustrates

the improved planning accuracy that naturally occurs as the

planning process and the budgeting process converge.

14
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IIT. NEW WEAPON SYSTEMS

Today, the United States has the finest technologlcal capabillty and
one of the highest industrial capacities in the world. The MMT Program
serves to preserve and enhance the productivity and readiness of the
defense production facilities, sources for weapons systems, ¢omponents,
and repair services. These weapons will modernize the forces by perform-
ing a variety of combat missions, from the nation's command cedter to the
front line of battle. Selected systems that illustrate the difection and
importance of our equipment modernization programs follow:

The Abrams tank and the Bradley fighting vehicle are new systems that
the Army is procuring to improve the combat effectiveness of the forces
which may be challenged by Soviet T-64 and T-72 tanks and BMP fighting
vehicles. The speed, mobility and shoot—on-the-move capability of the
Abrams tank have added a new dimension to combat capabilities. Because a
mix of armor and infantry forces is necessary for mutual Support on the
modern battlefield, the Bradley fighting vehicle has been developed.
This system provides the cross—country mobility and armofr protection
necessary to keep pace with the Abrams tank. The Bradley fighting
vehicle's 25-millimeter cannon can defeat Soviet armored infantry
fighting vehicles at battlefield ranges. With the TOW (tube-launched,
optically-tracked, wire-guided) system, the Bradley crews ¢an defeat
modern Soviet tanks at long ranges.

New and improved weapons systems will bring about a synergistic
effect on the battlefield. The Abrams tank and BFV complement each other
and are a highly effective team. The M9 Armored Combat Earthmover, a
vehicle designed specifically for our combat engineers, further increases
the combat effectiveness of tanks, fighting vehicles, and othéer systems
on the modern battlefield. In the hands of the engineers, the M9 is used
to prepare fighting positions for all types of equipment and hnits, and
is also employed to create obstacles when and where needed. Addition-
ally, it has the speed and mobility to keep pace with combat forces and
it provides its crew with armor and chemical agent protection to improve
 survivability on the lethal battlefield of today and tomorrow. A multi-
year, competitive procurement contract for mnearly 1,400 véhicles is
planned.

Another major component in the combat arsenal, which compléments the
capabilities of ground forces, is the attack helicopter. This weapon
plays a major role in any situation which requires a rapid response to an
enemy threat or an opportunity to exploit a developing tactical advan-
tage. The AH-1 Cobra helicopter, a proven system, is being iipgraded to
enhance its survivability on the modern battlefield. The Cobra however,
is essentially a daylight aircraft with limited performance capabilities
in some altitudes and climates. These limitations make it less than
optimal for the many environments in which the Army may be called upon to
fight.

15




In addition to upgrading the Cobra attack helicopter, procurement of
the new Apache attack helicopter is continuing. The Apache's agility
enables its crew to take maximum advantage of the environment to avoid
detection. A target—acquisition-and-designation sight and a night-vision
sensor enable the Apache to attack regardless of wvisibility restric-
tions. ' ‘The Hellfire missile, with which the Apache will be equipped, is
a laser-guided missile capable of delivering both direct and indirect
firé. Hellfire is faster, has greater range, and is more lethal than the
TOW ‘missile. Armed with the Hellfire missile and a 30-millimeter chain
gun,y the Apache brings an awesome combination of lethality and versatil-
ity to the modern battlefield. The Apache attack helicopter procurement

program is-in its third year.

"Our land forces must be able to shoot deep into the enemy's rear
areas with great accuracy and massive firepower, while simultaneously
striking enemy targets which are engaging our front-line units. Procure-
"ment of ‘artillery systems will continue to provide indirect fire support
for committed land forces. This procurement is not limited to firing
systems but also includes target acquisition and fire control systems.

* The" Army s longest range weapon is Pershing II, a solid-fueled, two
';stage, ballistic missile designed to strike high- threat, time-sensitive
“enemy targets. Its sophisticated radar terminal guidance system, which
‘automatlcally makes in-flight corrections, will result in pinpoint accu-
racy and permits use of smaller nuclear warheads than were required with
older, less efficient systems. Truck-mounted and highly mobile, the
Pershing II will be a survivable and powerful addition to deterrent
posture and flghtlng capability.

"For direct support of our front line forces, the Army is procuring
the Multiple Launch Rocket System (MLRS). A free—-flight, area fire
weapon system, the MLRS will fill a void in current indirect fire
"capability. ‘Designed to suppress enemy defenses and provide artillery
counter-fire, the MLRS delivers large volumes of munitions against time-
‘sensitive targets in a minimum amount of time. MLRS was developed in
"cooperatlon with the United Kingdom,; France, Italy, and Germany. This
“joint’ program is achieving cost effectiveness while enhancing modern-
ization and near-term combat readiness of the NATO forces -through
procurement of common systems. Acquisition of the MLRS remains on
 schedule with a proposed total program acquisition systems cost projected
to be below the original 1978 planning estimate.

‘The Battery Computer System (BCS) increases the speed and accuracy
with which artillery fire can be delivered on target, and procurement of
‘this system is proceeding under the terms of a multi-year contract. The
Ground Laser Locator Designator which enables first round fire—for-effect
on targets with both conventional and precision guided munltions 1s being
ydistributed to European combat units.
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Tactical nuclear weapons, a major force-multiplier in deterrence and

warfighting capabilities, need wmodernization. Weapons incorporating
technology which is more than 20-years old must be replaced to assure
reliability and effectiveness. Programs for theater nuclear force

modernization include continued procurement of the 8-inch nuclear artil-
lery projectile as well as development of a new 155-millimeter nuclear
projectile. These programs will continue to provide a credible theater
nuclear force.

Survival on the battlefield of the future will require extensive
protection against chemical weapons. Efforts will continue to develop
improved chemical defense material and to reduce the significant
degradation of military performance in a chemical warfare environment.
Long-term research and development programs are required to develop
follow-on protective systems for armored vehicles, new protective masks,
secure command and control facilities, and rest areas for soldiers.
Additionally, more reliable and advanced chemical detectors are needed as
well as improved methods of decontamination.

Interdiction of high-value second echelon targets is of great con-
cern. To facilitate accomplishment of this interdiction mission, the
Army is developing a combination of mutually supporting sensor and
computer based display devices which can detect and classify movement of
personnel and wheeled and tracked vehicles at ranges up to 100 kilo-
meters. The Remotely Monitored Battlefield Sensor System (REMBASS), with
the use of data relays, will provide targeting data at extended ranges so
that enemy formations can be engaged before they reach the front-line
battle area. ’

‘The Army of the future requires for its survival the capability to
detect and locate ground-moving targets, command posts, assembly areas,
and low-flying helicopters and fixed-wing aircraft. In conjunction with
the Air Force, the Army is developing the Joint Surveillance and Target
Attack Radar System (JOINT STARS), which is based on a merger of
technology developed for the Army Battlefield Data System and the Air
Force PAVE MOVER program. A primary advantage of the system will be the
simultaneous broadcast of intelligence data to multiple ground stations
throughout the battle area.

The Army's future reconnaissance and target acquisition capability
will be enhanced by the remotely piloted vehicle (RPV). Because a
potential enemy's air defense capability could make manned flights
penetrating into his rear area risky, an RPV with low-light television
and a forward-looking infrared night vision sensor is the ideal platform
for providing real time information on front line and second echelon
enemy troop dispositions. -The RPV also will have the capability to
adjust artillery fire and designate  targets for laser—-terminated
precision-guided munitions.
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Another area which has great potential for future development is that
of artificial intelligence and robotics. Five primary areas employing
this relatively undeveloped technology are being explored. The thrust of
this research is to develop nearly autonomous robot operation of vehicles
or equipment for ground reconnaissance, ammunition loading, information
interpretation, training and maintenance, and medical diagnostics.
Robots will possess extremely sophisticated decision-making microelec-
tronic software. While some minimal human control will be required, the
potential for human and cost savings as a result of this technology is
enormous. Robot manned weapons systems which would have the capability
to "recognize"” and engage an enemy without direct and immediate human
support represents just one possible application of this new technology.

While the Army's materiel acquisition philosophy recognizes the
importance of improving fielded systems whenever feasible, it also recog-
nizes that the potential for improvement of a given system is limited.
Air defense systems illustrate this situation.

On the battlefields of today and tomorrow, Soviet fixed and rotary
wing aircraft present a significant threat to our land forces. Some of
our current air defense systems were not designed to function in today's
electronic countermeasures environment, nor are they capable of multiple
target track and engagement. The technology that provides these
capabilities today did not exist 20 years ago. Patriot, the SGT York
division air defense (DIVAD) gun, and Stinger——products of more modern
technology—-—are ready to fill the gaps where older systems are inadequate
and where the potential for product improvement has been exhausted.

The Patriot is the Army's new all-weather, long-range, surface-to-air
missile system. This weapon can simultaneously attack and destroy
several enemy aircraft while tracking scores more. Capable of operating
under intense electronic jamming conditions which will characterize the
battlefield of the future, the Patriot has sophisticated radar guidance
features and a proximity fuzed warhead. 1In comparison with the systems
it is replacing, Patriot has greater reliability and achieves a dramatic
increase in operational effectiveness. '

An important system in the air defense family of weapons is the
Improved Hawk (IHAWK) missile which provides large area coverage for air
bases and facilities in NATO's rear areas. .Improved spare parts avail-
ability and the Army's program to apply product improvements to this
already developed and proven system will assure its effectiveness against
the evolving threat well into the 1990s.

The self-propelled <Chaparral, the Army's short-range air defense
‘missile system, was first fielded in 1969. It will remain in the Active
Army inventory through the 1990s and is being provided to Reserve Compo-
nents. A towed version, which enhances strategic mobility, is being
developed for light forces. Chaparral has already undergone significant
modifications to maintain its effectiveness, and further development will
provide increased engagement range while reducing its vulnerability to

enemy countermeasures.
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Complementing the capabilities of the Chaparral is the 40-millimeter
SGT York DIVAD gun. This system provides our heavy divisions with a
modern anti-aircraft weapon which can maneuver with front line units and
engage sophisticated aircraft. The SGT York is a survivable, radar-—
controlled system, which 1is capable of defeating ‘high-performance
aircraft as well as the Soviet HIND attack helicopter.

Fielding of the Stinger air defense missile, the Army's first new
manportable air defense system since the late 1960s, adds a significant
capability .to the land forces.. Development of a second generation of
this missile with an improved guidance system designed to overcome -enemy

_countermeasures has been completed. Called Stinger—POST (passive optical
seeker technique), this improved weapon has entered production..

Long-term economies can be achieved by the Army through development
and acquisition of battlefield simulators. Interest and . investment in
training simulators is increasing. Simulators conserve fuel, ammunition
and space. They also reduce wear and tear on weapons and equipment and
generally decrease training and operating costs. Further, simulators
offer training that cannot be duplicated because of safety and cost
limitations. Malfunctions can be simulated, events frozen and procedures
demonstrated until competence is developed. 1In FY 84, the Army will
procure a variety of simulators to enhance our overall training and
readiness.

19




IV. 1INDUSTRY GUIDE

This section explains how projects are selected for the Plan, how
they are developed and submitted for funding and how contracts are
awarded to industry. ' ‘ B

The objective of the MMT Prbgram is to develop new manufacturing
methods and processes that will reduce the cost of weapons systems pro-
duction. Within the AMC, the Deputy Chief of Staff for Manufacturing
Technology is the office established and charged with overall program
responsibility. The functional responsibility is assigned to the commod-
ity oriented, major commands that are subordinate to AMC. These Major
Subordinate Commands (SUBMACOMs) plan, formulate, budget, and execute
individual projects. The Industrial Base Engineering Activity (IBEA)
assists AMC on the technical aspects of the program. The chart on the
next page depicts the hierarchical relationship of these organizations.

&
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Identification of manufacturing problems is the first step in
developing an annual program. Problem areas are conceptualized by the
SUBMACOMs and sent to IBEA for the compilation'.of a five-year planning -
document (the Program Plan). At the date of publication, the 1984
Program Plan, for example, contains one funded year (FY 84), two
programmed years (FY 85-86), and two planned years (FY 87-88).

As the program cycle proceeds, out-year plans are refined and project
proposals are prepared and submitted for evaluation during the budget
review phase. These proposals are documented in what is known as a P-16.
A P-16 is simply a format used to document estimated project cost, eco-
nomic justifications, and a description of work. The budget submission
represents the first bid for inclusion in the program. v

Industry has the opportunity to participate in the technical evalua-
tion of the budget program during the annual Manufacturing Technology
Advisory Group (MTAG) conference. The MTAG conferees can also discuss
the out-year concepts contained in the Program Plan and suggest technical
adjustments to the current program. :

The budget submission is followed about twelve months later by a
second, and more definite, submission which involves another evaluation
leading to the apportionment of available funds. Criteria for funding
individual projects include technical, operational, and economic feasi-

bility. Evaluation includes the potentials for technical success,
implementation of results, and return on investment. The interrelation-—
ships between these factors are also considered. ‘Approximately 300

projects enter the budget review phase each year and about 170 of them
are funded when the new fiscal year begins. Although this is the normal
cycle, a project can enter it at any point in time. Such a project is
known as a late start submission and funding is usually granted at the
expense of another project. o :

A calendar depicting the program cycle is shown on the next page.
The federal Government budgets and spends on a fiscal year basis. The
fiscal year starts on the first of October and ends on the following
thirtieth of September. For example, FY 85 begins on 1 October 1984.

Throughout the Program Plan reference is made to various appropria-
tions. These appropriations are established by the US Congress as a
standard accounting system. Most MMT efforts are funded through the
Research, Development, Test and Evaluation (RDTE) Appropriations which
include (1) Aircraft, (2) Missiles, (3) Weapons and Tracked Vehicles, (4)
Ammunition, and (5) Other.

A substantial portion of the annual program is placed on contract.
In recent years, about 60 percent of the funding has been awarded to the
private sector. Much emphasis is placed on free competition for MMT
contracts, with equal opportunity given to all interested, qualified
business firms. :
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FY 85 FY 86 FY 87

MMT Planning/Budgeting/Review Cycle

YEARLY ACTIVITIES

Services and materiel are acquired from industry by two basic methods
- formal advertising and negotiation.

' I o
Congress has established formal advertising as the preferred method

of contracting for military supplies and  services.

The Army derives

price and other benefits that result from a full and free competition for

contracts.

Formal advertising also provides all bidders with. an equal

opportunity to develop and submit bids based on the same set of Army

specifications.

Procedures are prescribed by law and are detailed and

rigidly written to assure equal treatment for all bidders.

The prerequisites for formal advertising are quite specific; and they
are critical, because absence of any one of them will preclude successful

use of the method.

1.

2.

The prerequisites are as follows:

Army specifications must be complete, explicit, available to all
potential bidders, and unrestricted because of security.

Two or more capable sources must be available to assure competi-
tion.

There must be enough time to conduct the procedures as pre-
scribed. The Army must develop and assemble a complete statement
of needs, terms, and conditions of contract into a proper Invita-
tion for Bid. Bid invitations must be distributed; bids prepared
and submitted by bidders, opened and evaluated by the Army, and a
contract awarded. This process may span 60 to 120 days.
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4, The Army must select the successful bidder on the basis of price
alone, provided the bidder is otherwise qualified as responsive

and responsible.

A variant procedure, closely approximating formal advertising, is
referred to as "two-step formal advertising.” This method is used when
existing specifications are inadequate for use. Although not as prefer-
able as formal advertising, "two-step formal” is clearly preferable to
negotiation, and its use is required where the following prerequisites

exist:

1. Specifications are not definitive. Technical discussions and
evaluations must insure mitual understanding between Army and
prospective contractors.

2. Definite criteria for evaluating proposals from prospective
contractors exists. : :

3. More than one technically qualified source is expected to
compete. ‘ ’ - . :

4, There must be enough time to conduct the two-step procedure;
normally 100 to 150 days.

5. A "firm fixed price"” or a "fixed price” contract will be used.

The first step of the process is initiated by the Army's request for
technical proposals based upon performance specifications. These propos-—
als are evaluated and discussed by both parties as necessary, but price
is not a subject for these discussions. The Army then makes a determina-
tion as to the technical acceptability of the supplies or services
offered and may summarily reject some outright, or make provisions for
modification and acceptance of proposals that are marginal.

The second step of the procedure is conducted as a formally adver-
tised procurement, except that advertising is limited to those who have
submitted technically acceptable proposals during the first step. Each
bidder must then bid on the basis of meeting the performance specifi-
cation and providing the exact supply or service proposed by him and
" approved by the Army during the first step. Although products or ser-—
vices of the bidders may vary, award of contract is based on price alone.

Not all requirements can be obtained through the advertising process—
es. As a third alternative, acquisition by negotiation is permitted.
The development of new systems or production of complex equipment, for
example, demands much discussion, clarification, exploratiom, or modifi-
cation of proposals between both parties. - Under specific circumstances
prescribed by Congress, negotiation is generally preferable when:
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l. The item is critical or complex.

2. Delivery is urgent.

3. Few suppliers exist and competition is impractical.
"4, Specifications are incomplete or unstable.

5. >Emergency conditions exist.

6. The item required may demand a sizable investment by industry in
-+ fixed assets. :

7. Security classification precludes advertising.

8. Total interchangeability of parts with existing supplies is
absolutely necessary; no compromise is justified.

‘9, Industry experience is lacking. Responses to formal advertising
will be replete with contingency costs.

10, The Army must deal with sole or limited sources.

The negotiation process resembles the purchasing process used in
industry. = Not all -industry practices, however, are accepted in the
negotiation process. For example, companies that buy from each other
often develop long term understandings. In contrast, this relationship
between the Army and a private company is not permitted.

Formal advertising is conducted in full public view with the bids of
all firms known to all competitors prior to award of contract. This is
not true in negotiation. Negotiation is a process closed to the public.
Proposals submitted by a company are not disclosed and subsequent bar-
gaining on the basis of these proposals are conducted individually. In
this way, the spirit of competition is maintained among the few suppliers
that may be participating. Only after the award of a contract is the
successful company made known and the terms and conditions of the con-
tract disclosed.

In recent years, more than one-half of all Department of Defense
requirements have been purchased by “"two-step” procedures and negotia-
tion. Most MMT contracts have been reached through the same methods.

A business firm seeking to participate in the MMT Program should
inform Army procurement offices of the capabilities it has to offer and
request that the firm be placed on appropriate bidders' mailing lists.
Copies of Standard Form 129, "Bidders Mailing List Application,” are
available at most federal agency procurement offices. A copy of this
form is included in the publication "Selling to the Military.” This
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publication also contains a comprehensive list of procurement offices and
it may be purchased from the Superintendent of Documents, US Government
Printing Office, Washington, DC, 20402.

Each procurement office has unique supplemental instructions for the
Bidders Mailing List Application; therefore, individual requests should
be directed to each office. These instructions should be followed care-
fully to assure prompt processing. After a firm is placed on the 1list,
it will receive all solicitations covering any requirements that could be
met by its stated capabilities.

The "Commerce Business Daily,"” published by the Department of Com-
merce, is a valuable source of information to businessmen in identifying
products and services which individual military procurement offices are
currently buying. The publication also lists subcontract opportunities
offered by Defense prime contractors, recent contract awards which could
lead to imminent subcontract opportunities,. surplus sales information,
and other pertinent information on procurement actions. The "Daily” is
available for inspection at .each of the procurement offices; the field
offices of the Small Business Administration, Department of Commerce, and
General Services Administration; and, other cooperating offices, includ-
ing many local chambers of commerce. ' It can also be purchased through
subscription. To order, send $175 for lst class postal delivery or $100
for 2nd class along with a full mailing address to the Superintendent of
Documents, US Government Printing Office, Washington, DC, 20402. Credit
card orders are accepted: telephone (202) 783-3238. .

NOTE: Various government publications were used as sources for the
preceding information.
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V. PROCESS TECHNOLOGY INDEX

The projects fully described in the body of this document are grouped
into "Categories” and "Components” which are end item type descriptors.
This index lists all the projects, less Problem and Solution statements,
and groups them by technical areas. The primary grouping of this index
is by the primary Manufacturing Technology Advisory Group (MTAG) sub-
committee designator (i.e., CAD/CAM, Electronics, Metals, Non-Metals,
Munitions, and Test & Inspection). Within each MTAG group, projects are
further grouped alphabetically by process.

Page No.
CAD/CAM -- 28
Electronics — ’ 30
Metals 1‘ : : 34
Munitionsir' , 40
Non-Metals : : - 46
Test & Inspection 48

27




691
1474

901

14°18

Vil
(TA!

L

1t
€91
6Z1
L6

otl

¢9l
L01

Gl

111
122}
ez
191
a9l
€91

80¢
L0l

Ll
L02
Loz
68l

291
6C1

39vd

00z
iy

005
8Ll
66¢
006
0001
002
692
69¢C

081
96g
96¥
141}
192
05l
051
8¢
00z
00¢
00e
sLe
189
198
L0g
1144
SL
oLt
0ge
081
008
oLE .
0sL
0ss
ozy
69¢
sZl
0se
002
0001
0oz
00z
('TAY

1500

98
(1]
L8
68
V8
L8
98
88
L8
9¢
88
1]
v8
98
8
98

88
88

98
88
L8
88
88
L8
S8
88
L8
98
88
L8

o8

ve
88
88
88
88

L8.

88

88 -
8 -
L8

98
88

A0Vl Nid 3718n00 40 ONIGIOW NOILOArNI H3sany €00

AD0TONHOIAL ONITTHH0 133Nl 01 1080y 11104

_| (WVO) VIU-W3LSAS ONINIHOWW 3181X374 Sivs
_llul WYd90sd NOILVZINY30OW G3LVH9AINI ¥Od SISATVYNY QVOD €009
r\ (WVD) SNOILVHIdO ONINIHOWW TVIINING3S 40 TOUINOD 8£98
— (X1Q3d) AVH-X A8 NOIL1O3dSNI ¥04 3D1A30 INIWADVIWA O11080Y sive
r NO1103dSNI SOINOULO3TI0UDIN TVIILdO QILVWOLNY 2081
_ (WVO) ONINIQHVH 404 VIHILI¥O N9IS3Q <0v8
14VHOHIV ONIM AYVIOY OL A90TONHOIL dNO¥D 40 NOILVOI1ddY 1009
ANINOJWOD O/S 404 A90TONHO3L dNouo 6248

OWWY VYO TIVWS u0d A9OTONHOAL dNO¥Y/HALNIWOD 14244

(WVD) ADOTONHO3L TOULNOD 3A1ldvav ozie

_ S30UN0S3Y WYD/Av3 11V SSOMJV VIVE 40 ALIT1GVLId0d 0500
SIILIALLIV WYD 3UNLNA HOd WYOWMY 2¢s8

_I|.|| W3LSAS INSWIOVNVW ONIUIINIONI .w._o>o 3417 WOOYVa 6260
_l (WV3) WRIHLIT 40 ONISS3004d Q3LVWOLNY 19ie
ONILIATY ONV ONITTIHG NVA O1.1080Y 200t

r NOILYINSNI 1100 YOLVLS HOLVHINIO dIMOd HOIH e8¢
LAVHOHIY ONIM AYVLIOYW OL ONILINIVd 3110604 40 NOIKLYQIddY 2009
ONIHSINI 434 ¥3113HS 0L SO1L080Y 40 NOILVOIlddV WYO 2000

NOILVLIAVD NUHL SS3O0Ud TVAOW3Y INIVd GIONVHNI 5002

(1 3SYHd) SONILSVO WANIWNTY ¥04 S3SSIV0Ud WYD/QVO 9809

SONILSYD ONINVITD 04 SOI.1080d v0oL8

_'||| (WVD) TOULINOD NOILISOdWOD 1T13W AMANROS (3Z1Y3LNJWOD 6058
SOIHAVO ATBWISSY d3LVWOLNY 8404

AOOTONHOAL AT8BW3SSY D!.1080d P4y 4

W3LSAS ATGWISSY SSINUVH J¥IM 03Z1.1080Y 60114

rv WYO-ONIV3S H3INIVINOD ANION3 L00L
SNOJV3M V3 1TVWS 04 S3NOINHOIL ONITANVH SNId 94W UdWi 89¥8

FJULLL 10443 130443

FI NI I T I I 300 I I I TN N
# WVOQYD - X3ANI ASOTONHOAL SS300ud AWW »
I I I I I I606 069636 300616 360636306 03I

WODS30 ~— Nojt103rNI “‘oNtaic.

WOOVL u
WOJOWY ONINIHOYW

WO3JS30 dlIni
WOOJOWY
ROOOWY NO1.1O3dSN |
WOOOWY
WOJOKWY INFWLYIHL 1V3H

WOOS30
NOJOWY Ml A90TONHOAL dNOYW9D

ROJOWY —

WOOOWY ONIONI WO
W0Os3a
WOJOWY RALELED]
WOJOWY —
WOJ3J ———— NOI1vOlyavd
ROJS3a ONITTIHA
HOOSOYL
WO3S3a T ONILYV0D
W00S3Q —
WOJS3Q — 9ININVITO
WOOYL —
WOOOWY — ONI1SYD
WOJOWY —
WOOVL —
HWOOVL —]
WOJIN —
WOJS3a — A18K3SSY

WNOJOWY —

GNVWMDD = SS300Nd

28




202

1 1%

L0}
€8
801

802
0si

601
80}

601
601
601
801

801
oci
901
801
ol

J9vd

69
0s
gsl
681
74%
8¢y
1]:74
08¢
GL8
009
0sl
0si
0sl
GL
029
08L
69L
0101
082
0gs
IS
0002
¥802
0051
056
LL9l
68
osy
001
Iy

1500

Lg
L8
98 _

S3UNAIV0UL ONIGTIIM 4O 39VHOLS ONV NOILVY3NID Qv

11:]
88

ONIQT3M D1.1060Y

L8 _l|||||| (Wv3) SININOJWOD NOdVIM 40 ONIQTIM O11080Y/31LVWOLNY

S8

SNOILINAW AY¥3TTILYV 30 94W d3CIY ¥3INDWOOD

88 — TOUINCD JHid + SNOJYIM ~ 9dW 0L0¥d 40 ONIT3AOW + NOILVINWIS

68
ve r

88
L8
98 L.

FI01H3A ONILHOIA A3T0VEE8 JHL ¥O4 WYD/QvO
SW3LSAS JAVMOUOIW 40 NOILYOIYEYd ¥O4 3svE NOIS3Q

(WVYD) W3LSAS NOILVWHOANI + TTOULINOD SS300Ud

L8
88
L8
98

(WVD) 3ONVHOX3 NOILYOOT ¥3ILIND AYWNIEG

68

WWOO/WVO/a¥D NONNVO ¥04 WiD

v8
88

(Wv3) VIY = INIW3OYNVW NOILVWHOANI AWOLOVS
(WvD) (TVIYILVW D4/4 WID) 9dW G3LVHOTINI. ¥ILINWOD

144
88

L8

98
68

(WVO) W3LSAS NOILVWJOANI NOILONAOUd 3INIT-NO

8

(WYD1) W3LSAS ONIUNLOVANNYK O3LVHOIINI

14}

JONVQIN9 3408 0L SNOILVOITddY ¥3LINdWOD

14]
98

(Wi3) NONNVD ¥Od 9dW NOILVHOILINI HILNAWOD
*OdW 0909 04 SUILIWVHYL INIWFUNSYIW IONVIWHOSM3d

98
M

SNOI LVd3d0 ONiLVId 40 NOILvWOoLnv
Nl 1y0a43

NI RN
#(4U0D) WVOOVOx
FRIK I W N KA

8104

€098

veve

208t -

L£98

tzi9
91

6£98
9198

6558
Livy8
L1258
90¢8

50¢8
ives
¥sis
rA4R:}
1001

190443

WOJV1 —

WOQOWY

WOOOWY
WOOOWY
WOOOWY

WOJV1 —

W0O32

WOOOWY
WOOONY

WOJOWY
WOOJOWY
WOJOWY
WOOOWY

WOOOWY
NOONY
OOOHY
WOOOWY —
W00S30 -

| omaa— 1 [RE ]}

NOILVINWIS

I TOYINOO $S300ud

ONILLV1d
SSI00U

29




161

Ly

14}
161
1.}

681
€61

soi
zs1
z61
€Ll
1Ll
161
vl
1Ll
g1
ol
sol
st

€L

L

VL

i

117
39vd

0sZ
0ss

6Ze
0se
00l
0se
661
00L
008
009
osL
00¢
96
0ss
(TR A
vev
052
0002

008

8svl
8LL
00Z
g8l
ssy
(%4
g
S8y
0sZ
0sZ
ovg
0z8
6z8
00¢€
00Z
969
6101
L19
Lis
Gv8l
L0g
209
€8Ig
08l
0sZ
sL

1500

98
68

98
11:]
L8
98
S8
88
88
98
68
88
L8
98
68
v8
88
88
68
L8
98
88
98
68
8
98
1]
88
v8
88
L8
98
88
L8
88
L8
L8
98
1]
8
98
68
v8
88
L8

2014INS WNIWAVO 30VHO ¥0103130

—

SYOLD3L30 JHONVIVAY NOUIIW € OL |

YAL3WYIQ 3IN08 SYVO 30 TOULINOD
(14040) A90TONHOIL NOILVOIY¥EY4 TVOILdO QidVYd dVIHD
— SLINOYIJ G3LVHO3INI QIALVINSIVONT SSV19/8vVl

SIHOLIMS-0 W3SV ILVEOIN WNIHLET
ANIWIAOUCW! NNO-3 W3LSAS ¥3ISV1

HO3L NOJILONAOHd SS300Ud MAN S3DIA3A TVOILd0 TOHINCD IFMId
S$S300Ud. ONINVITO GyV0E ININCAWOD G3LNNOW-3IJVIUNS
~ SH0L03130 AVHRY 3INVId TTVI0d ONIMVLS S3SS3I00Ud 94W Q3A0UdWI

(8v1) ONIONOS Q3LVWOLNY 3dVL
L

S3INA0W 3NVId TVI04 (37000 31 NOMOIRW S-¢
SO11d0 ¥38Id YIMY 9dW

| ISYHd ‘AD0TONHOIL ONIUNLOVANNYW AYILLVE WVPX3

! 3SVHd ~ SY37000 JONVNOSIY ¥WVINIT
SLINOYID SUIZISIHINAS AONINOIUA OFHLITONOW
YIdWIHO HIMOd O1AVWOLNY QT3H ONVH
SW31SAS O34 ONIGNOS 3A1S3IHAV

-

UDIAIS QUVUANI W04 ASSY TVOIL1dO HOVW ATIVHOILN|

NOILONAG3Y LSOO ASSY SOILd0 ¥3gld U3N33S QIUVHANI

HOSNIS dOL + JTNAOK 3373 40 ATSWISSV OLny

Y3ONASNYYL Al JO 1S3 + ATEWASSY olnv

HIONASNVHL 3AVM HILAWITTIN 40 ATEWISSY OLnY

JONVQ3dW) 40 IN3WLSArav Oflviwolny

JLL 160343
RN NI
#SOINOULO3 3%

A2 AU

ozl
9905
801€
200z

1002

osti
1141

62¢8
(148
ezl
2Les
1505
002
291s
6605
691¢
oLbL
12¢8
FATA 4
69y

12314

629¢

929t

ltig
1¥0d13

WOOIW —
WOOaVH3

“WoO30 Lrlll HLMOW TVLSAYO

WOJIW —

WOOW

WOOIW
WOOINW

ONILVOD

WOOONWY —
WoJ30
WOOINW

WOOOVY3 —

ONINVITO
ONIZVd8

WOJavy3 —
WOSIN —

ONIaNOd

Wooavya

WOOaw3
WOJ30
WOOSAY
WOOONWY

WOJOWY A8W3SSY
WOJOWY

WOJOWY

WOOONWY

WOJOWY —

w0030 ININLsnray

V000000 SS300M

30




681
Ll

esl
111}

1193

06l
oSl
16l
51}
oL

€61

Z61

vLl
743

zLl
sLl
661
161
061
9|
vl
01
12z
39Vd

000V
0001

0021

sie
0001

9601
z88
c8l
Zs€1
009
S0l
oLy
g6l
056
oSy
0sL
szl
os¥
005
0051
0061
005
0001
0001
0SL
008
0001
0001
9262
9lg
vLs
059
602
052
001
00z
061
0sL
SZL
ocy
0§
006
0zs
yezl
8611

1500

88
L8

98

68
1£:]
v8
98
68
L£:]
88
L8
68
8
L8
98
68
88
88
88
88
88
L8
L8
98
68
8
L8
98
v8
(1]
1£:]
1]
8
14]

L8

98
68
L8
98
88
Lg
88
88
68
V8

(WvD3) ONIUNLOVANNYW Q3dIV Y3LNdWOO SOIN0YLO3T3
(SOINOYLO3TT) INIWIAOUWI ALIAILONGOYd TVIULSNANY

SAILr ¥OJd QOWHOZL AOOTONHOAL SNOILVIINNWWOD

AINVIdWl NOI A8 NOILO3HHO0 u3dVM

S3AING 3AVM TVOILd0 HO4 SQOHLIIW NOILONAOUd

YIA 1303 QILVHOIUNI/OIHLIIONOW JAVM HILIWITTIW

ANIWSSISSY ALITVNO ¥IALSV-I¥d MS1Q 03CIA

37IN08 9VA-GN ¥0d NOILJ313S SIVIHILVW

YALSVIW-3ud 3510 03alA

AOOTONHI3L HOSN3S

W3LSAS ¥318YVO/30V1d 1S Q3Lvioliny

==~ S¥010313Q vdd 14l oz_zz<0m. NOHOIW 01=8/4 00dd OdW QIAOUW}

_,||'|| WALSAS ¥IAI1303Y OIHLITONOW JAVM ILIWITIW ZHO ¥6

L

31Q09H IVIXVYLIdd ISVHd aindi17

SJQOHLYI010Hd *N3D Qe ¥OJ HLMOYOD HOJVA

ZHO ¥6 GNY 09 ¥0d SIJUNOS IAVM=-UILIWITIIW
$3001a Nid ONV SHOLOVHVA 40 ALITIGIONA0Yd ISVYIYON

_I\, (Wv3) ONILS3L 3DI1A3A HOLONANODIW3S IAVMOUOIW O1LVWOLNY

L

HIA1FOSNVUL SNOILINAWENS ZHD ¥6 JALVHOILNI NV

S3ITNAOW 3A0IQ H¥3SY1 3A0W ITIONIS

—S3LValSEnS JLAO9H-NON NO 31009H 40 NOILISOd3A ¥OdVA TYOIWIHO

L

SO11d0 X2ANI INIIAVD ViAWY

ALITEJVA NOILONQOYUd ONIWH3d3d JFTOIHIA LVEW0D

.. T o4
33696 33636 336 36 I 36 3 I 36 36 96 3 3 3 3¢
x(4U0D) SOINOULOT13x

3636 36369636 3 6 36 3 96 9 3 36 363 6 %

SLO1
2%61a

¥60¢
Ziie

29¢8

stit
1171
3439
a6l
olLe

€002

vZii

6009
161§

Liis
oioe
890¢
0626
ietlt
oL1e
8gle

69¢8

96L¢
1480443

WOJIW —
WOOQVY3

W0330 —
WOJ30 —

WOOOWY —

WOOIN —
WOO3J
© WOJ30 —

diit

— NOJLVINVIdWI NOI

NOI133dSN |

WOJ3D I._

WOOOWY

WOOIW

WOOIW —

WOOaWY3
WOOQVy3

WOOaVyd3

WOOAVy3
W0030 —
WOJ30
WOOINW
WOJ30 -
WOO30

WOJOWY

HOJS0¥1
GNVHNOO

IVE3N39

ONIWEOd

= HLMOHW VIXVLId3

“Noisnddia

NO1 1150430

ONISSAVO3a
SSIO0A

31




008 L8

00L 98 _
061 0sL sg — SAIY¥EAH 40 ONITV3S 2ilvWwolny 6601 WOOIN ON1TVAS
€9l si61 98 YIVd3Y QUv0o8 LINOHID GILNIYd WAV LINW <001 Woos3a Ylvd3y
oLL 88 _ _
€t 009 L8 S¥0L03130 G3YVYHANI 3A1LONANODOLOHI/4 HOAL D0¥d 1S00 01 gLy WOJOWY —
0Z2 88 _ ;
L 4 L8 = SOINOYLO3 13 QO¥d/4 HOAL ¥3ddOD W1ld MOIHL + ASSY dWOD 01V 1SLY WOODWY
86 88 _
ZL ovtL L8 SUIIWVO dIHD a3aval 269% © WOOOWY
(JFA 98 |
yL 0.9t c8 SHOLO3143Y + SWOL03LI0 Ul -94W OLnY 829¥ WOOOWY  NOI10313S $S300ud
1641 88 | .
1L 582 L8 (WVD) Of ¥31d1dWV 31 NODITIS 40 94W oLnv GZ9% WOOOWY
9.6 L8 : -
918 98 _
I €¥8Z 68 (WVD) S30010 JAVM ¥3LIWITIIN 40 94W GILVWOLNY 29y WOJOWY —
c6¥ L8 _ . _
vLl c6v 9g N/0665-VE + N/8656~Va AYILLYE ALIOVAVO HOIH ‘Q3AOUdWI 9009  WOOaVY3 ~
009 L8y _ . o . - ~ @
vLL (%44 9g SI1YILLVE ZSLLI~-WNIHLIT 379VIOUVHOFY LS00 MO 6009  KWOOAVYI —-—= 0YINOD S$SIV0Hd
oSy 98 _ o _ _
061 oSy ¢g AdLINOYID QIYEAH WIAVIILINW ONV 379NIS 3A1L1qGQV 9901 WOOIW H_
€L ovs 8 ————= A9070NHO3L SNILV1dOHL0313 3QiX0IG QVIT QIAOUdNWI €081 WOJOWY ONI1V1d
0081 8 [
<Ll 0001 ¥8 (SIMV) WILSAS ONIOVWI MIJVM GIONVAQY 8¥26 ~  WOOAvy3
00L 1] | ; I_
<Ll 009 ¥8 | 3SYHd ‘W3LSAS NOILO3IdSNI ITOILIY OiLvWoLlny 8916 WOOAVYI ——— AHIVUSOHL I 1010Hd
€L 002 <8 (DISHA) S3IOWIOVd dIHOILTINW vizs WOoavY3 —y
€Ll 00Z1 68 —————— (JISHA) SNOILO3NNOOHALNI ONV ONIOVMOVA 13AIT 1SHId €126 WOOaWY IN19VMOVd
141 GLlL 88 SANOINHOAL ‘ONIOWIOVA AONANOIYS HILINITIIW 89i¢ Woo3g — .
¥61 osy 88 94W ININOJWOO MilW 1S0J MO 1002 WOOIM ON171300W
(%47 L8 _
9Ll 682 98 —HOLSISNWML 103443 Q1314 NOODITIS HIMOd IH 3LV MWNVId 40 Q0Nd 1L28 WOOavy3
0sl1 L8 _
oot 9g f :
GLlL . 662 (1] S30UN0S NNND dNI JAVM H3LIWITTIW TTEYNNAL 181G WOOAVY3 NOILVZ11IVLIW
6¥1 00z s8 SWHO4T¥d SSVI9 40 MIJSNVHL NIAOMILINI QILVWOLAY 6cle WOO30 —— 9NITANVH STIVIN3LVW
08¢ 88 _
901 005 Ix:] SO11d0 SSVI9 40 ONINYNL LNIOd QNOWYIQ L9V8 WOJOWY ONINIHOVW
39vd  1S0D A4 FIIL 10443 LH0443 ONVWWOD SSIO0U

FIHI KRNI NI
% (4U0Q) SOINOULOIT3x
Laaa 22T T R R




161
6v1

LLL
961
961

061
9Ll

174!
st
bsl
6t

L

ZL

<L

L

6L

141

€61
rAq}

1Ll

39vd

00s
00s
0se

e

12474
ost
oot
SLY
TAY
0001
Loy
L9s
0s.
002
661
00s1
00s
S66
649
£ 4
6¢8
16¢
9L9
Lovi
8801
1341
e
002
SLZ
SLZ
0001
00¢
0s¢
0ov
062

1500

98
11:]
68
68
8
88
88
L8
99
S8
68
14}
L8
98
68
88
88
88
L8
88
L8
L8
98
58
98
1]
68
v8
98
68
88
L8
88
L8
98

ONIAONIM ¥3did VO 1dO

WA IENTI3L 40 NOILVOI41und J11vWolny

SQV31 G3ANOENN GNV YVM3A TVLIW HO4 LWW
NOI103dSNI JIHO ASSV 11nJu1D QUOIW QIY¥8AH 01NV
S301A30 HOLONANODIWIS ¥O4 NOILVAITVA SS3D0ud

NIT 904 ¥04 ¥3AI4 300W FTONIS
W3LSAS A9070UL3W ANV NILO3dSNI ¥3JVM W3S OlLvWOLNY

l—

L

¥31417dWV 31ViS Q170S dH3

(WvD) S¥34VM 3D1A30 JAVMOHOIW 0 1S3iolny

SINIWIUNSVYIW TVOILHO J1LVWOLNY

YOLVTITIOSO TVASAUD GILYSNIJWOD UOSSIO0ULOUIINW
HOSNAS Ul + MWW/4 1S31 SW3LSAS UOSNIS OLnv

S3171GW3SSY ¥0SSA0Ud TYNOIS 40 1S3L olnY

(Wv3) ¥l 9NILHOIS3H08 ¥O4 QOHLIW d3LVWOLNY
HWAONASNVIL JAVM H3LIWITTIW 40 ONILSIL OLnv

ISVHd ONZ ONIONA0YL/d- TOMINOD SS300dd ONIYILLINGS DJILlvWolny

S3001Q ONILLIWG LHOIT JSVNIVO

Pllllllllllllll GMd 0L S3DIA3A G3LNNOKW 3OVAUNS ONIY3IATOS ¥ISV

L

€GMd ¥Od WILSAS NOILO3dSNI/H3IATI0S WISV

STIVIHALYW H3T000 O1ULOFTIOWIIHL

JULIL 130443
s
%(4U0]) SOINOULDIVIx
]

Lyl
101¢

ogls
6002
il

el
162¢

1018
6826
vZic
8¥0<

11%°1 4

Lot

0¢9y
L29%%
vLlS
060¢

9002
Lgie

St0s

1¥0443

WOOaVY3 —

WOOIW ONIONTM
WOO30 —NOLLYITI1SIa WINOVA

WOOAVY3 — 1103va WINJVA
HOOIH —
WOOIW

WOOIW
NOOOVY3

WOOavy3

WO030

WO030
W0030

ONILS3L

WOJOWY

WOJOONY

WOOOWY

WOOOWY —

W0030 — ONIY3ILINGS

WOOIW Hu
W0O30 ONI¥3dT0S

"WOOQYY3 — ONIY¥3LINIS

GNVINWOO SSIO0!

33




18

el
113!

vZi

€zl
Lz

Lzl

r4A%
(393
Lil

Ll
oLl
SL

€02

134

134}

vl
vil
ril
L0l
Zit

611
9l

Lil
ot1
z8

99|
611
611

r4A%

39vVd

061 88 —— S3WNLONYLS 7133LS GANIAYVH NI SLOTS ONILIND ¥3ASVI 9ZLe
06% 14} ALIYO3UNI ¥3LVM ¥O4 INVIV3S Li¥vd INO SLYL
L8 88 ONIGITTIVLIW 40 NOJLVOITddV QL8
(4] 88 ONISS300Ud 38NL NNY JIWVHID 118
€9¢ - 88 _'I|
aze L8 HOAL 1iNdS 3IHL A8 LVOD YIHIO + AUOLOVHAIY 40 NOILVDIddY €668
092- 88 —"~ S13WvE NNO O3 ONILV0D AINVLSISIY NOISOMMI HOJ A9OTONHOIL ¢ecs
0S¢ 88 r
0z¢ L8 S3ENL NNOS HO4 ONILVOD TTVLIW ANHOLOVHIIY 1 241 ]
8zl 98 :
052 68 —|’|!
(474 1 4] SHINIT VO T NO WNIVINVL 1v0D OL $S300ud L1VS 43snd iddv el
(14 88 ——— SS300¥d NOI.LiSOd30 ¥OJVA NO! ONIZ 40 INIWHS!II9VLS3 09¢8
68l ¥8 —" SONILVOD JINVATVO INVLSISIY NOISOHHOD 40 NOILVOI1ddY 92¢8
214 s8
002 1£:] —rl|lll SININODWOO INIWVWHY 40 9NISSI00Ud ISNA-ANV-AVEIS (YA
0s2C 88 §3553008d ONILNIVd a3sSve LIN3JAT0S NON 0¢e8
002 88 . SONILVOD 378vdNd a317ddv dasvi rA JX A
SLE 88 $35S30048d ONILSVO Q3AQUdWI G809
Ziv 98

- GZY S8 —’
439 1£°] SONILSYD Ti044¥1V INIGUNL JIONVAQY 9l¥L
FAYA 88 .
sZl L8 r
sZi 98 SONILSVO WNINVLIL ¥O4 XOOEANVH N9IS3Q ON3 29¢L
901 a8 _’
0s¢ ¥8 SY0L0d LSYD 3NOIL1Vd 3T0AD MO QIAQHAWI 00¢L
091 88 ONIQI0W 3dVHS 13N ¥vaN 60L8
(Y44 88 SININOdWOD NOJYIM 39uV1 40 INILSVD LINIFWLSIANI 90.8
Ll 98 ONINI 434 30VNUN4/37aVT LYV-3H1-40~3LVLS 8098
0seg 88 ONVS (Q30NO8 NYHNd 40 ONIYND JAVMOM3IW 1411:]
68 98 —’
002 a8 SIN3NOJWOD TVLIW NOILOIUJIINY 40 ONILSVD 1168
(114 88 S$¥2078 HI33¥a LSVYD NOIS103ud ovve
L8 98 _’ .
8014 1 4] (diH) SONILSYD NOdVIM 30 NOILVO!d41SN3d LEVS
2zi v8 (WvD) A9OTONHOIL ONILSVD QIAOUINWI i¢Z8
006 88 T SU3NIT 39UVHO G3JVHS TIAON ¥O4 3Svd NOILONAOUd rAVAs
0SL 88  ATGWISSV ONV NOILD34SNI A18W3SSYSIA INION3 135310 3LVWOLNY oiov
00¢ 88 ATBWISSY WSINVHOIW 11003y QalvWoiny ¢€0L8
00Z = L8 —NOILYNIWVINOD '39nG34 OL SW3LSAS 110034 40 ONIHSNT4 GILVWOLAY L1098
062 8 _
68¢ 1£] S3ENL NONNVD OL SHANIT AMOLOVMA3Y IVILUVd 40 1ddV 178 %]
1S00 Ad 1L 1043 L0443

933 3 3% %

*STVLINx
ERREXRE

WOOOKWY

WOJSAVY —
WOOOWY

WOOOWY

WOJOWY
WOJOWY

WOOOWY

WODONY
NOOONY
WOOONY

WOJORY
WOJOWY

HOJOWY —
WOOV]. —

WOJSAY

WOOSAVY

WOJSAY
WOJOWY
WOOOWY

WOOOWY

WOOOWY

WOJOWY
WOJOWY

WOJOWY
WOJOWY
WOJOWY —
W03S3a —
WOJOWY
WOJOWY

NOJOWY —

ONILIND

ON11V0D

ONILSYD

Algnassy

34




orl
" Zil

81l
- &8l
il
oLt

Lz}
681

gel

A 4!
1 74
611

1£:]
86
48
902
r4 4}

651
4 4
8Z1
- €21
74}

Ll
(74
901

1z
:7A
i8
€0z
18

39Vd

osltl
9¢8
S6L
S0t
691
8¢
0sL
oot
S6
€18
068

8L

006€
0062
967
oSy
6L6
915
0sZ

. 06L
- 052
oty
LS

2601
08s
0s¢
S16
290¢
989

-0svy

GL6
(1749
061
oz
Lz}
Lze
0s2Z
0Le
T4
00¢
s¥9
[AYA
001
0s¢

iS00

88
L8
98
88
<8
V8
14}
88

‘88
.98

8
8

.. 88
L8

11}

V8

L8

. 98
. 88
88

L8
8
88

.88

88
88

.88

L8
98
88
L8
S8
88
111
8
8
88
88
L8
88
88
L8
88

_I|| ONO A8 S¥V3I9 UNdS 40 ONIGNIYD NOISIOdUd QALVWOLNY

GgsL
ONIONIEO IONNTd Y3UY 30IM 40 NOILVOITddV G168

L S3IOVAMNS MV3M 10034 4O NOILYDINEVS IAOUAWI 0528
UZASNVML NOILVWHOANI GNV NOILVINIWITdWI WVMO0¥d . 069

— SNOQV3M JH14 Q1dVd OL Q31TddV ADOTONHOIL TOULNOD NOISNTONI 198
G+ 3WNLNJ Y04 HOTINVA NIHLIM SVIWV 40 NOLLVNIWMEL3Q Gce8
_|||\ AOOTONHOZL NOILONAOH SSIO0¥d MIN SNOJVIM SWHV TIVWS G861
L SIUVHO 3dVHS TYOINIHAS INGH LS00 MO ccll
L SININOGWOD WNINIWITY 40 ONIWHOA O1LSVIdu3dNS 68¢€L
f SINIONT INIGYL ¥04 JUNLONULS DILVLS 80/4dS LLSL
JUNLOVANNVA 3601 ¥04 ONIWH0A AVHdS 1298

SUIANITOAD TI00R 40 ONIWHO4 INOH zzv8

_Il,Ezon ‘WNGZ “WAOZ) WOLVMLINIA NG H3IAITVO NONNVO/J 00ud O L6SY
—— 53553004 94W OWWY (dV1S) HOLVMLINId HOWMV GIHONAVT 108VS 68y
JUNLOVANNY. 3H0D 06° VO ¥0d SSI00ud QIAOUNI c8cy

SITOIHIA TVOILOVL ¥O4 Suv3D a3TIONSNY - 2609

ONIOH04 TVWHIHIOS! A8 SYOLOM HOSSTUAWOD TVIXV s8vL

,r SHVZ0 713A38 IVHIdS Q30H04 3dVHS L3N MVAN 69¥L
: SWH0ATN] CINIVAD 3NI4 20 NOILVOITddY LSvL

gv4 NOJV3M VO TIVWS NI LINIWIAOMWI TOMINGO SSI00Nd 0L98

—— 9NI9H0 AWVIOH OL INIWCINOI. ¥IATOH HALNNOD 40 NOILYOITddY . 0968
ONIOHO4 OXIHL AG SLNINOWOD SNM OS5 40 94W LLY8

L (WVD) SININOGWOD NOJVIM 0 ONIONO4 WvM Z0¥8
ALIOVAYO INIWLVINL 1V3H 38NL NNO ONISVIUONI €518

(Q3LVI3Y WD) SININOGWOD NOJVIM 40 ONIS¥O4 GILVWOLAY 1oL

L *STINVd LVW Q30N¥IX3 40 NOILVOIMEVS INZID1443 . €08E
SHINIT TIHMVE NND AOTIV WANIQBATON 9c68

S3ISVO 39Q1ULMYD T33LS NONNVO 40 ONIMVYO o330 DINOSVMLIN . Z¥st
NOILVOIHEVS 3LV1d WINIWNTY AAV3H 1605

ONINIHOVW G3LSISSY DINOSVELIN 1€LZ

TILL 1048 1w048

FRIEH I H AR
#(4U07) STVLIN
KRR NNK

. WOJOWY —

WOOJSAY —
WOOOWY = ONIONI¥O

WOOJOWY —
QUHNY —

WOOOIWY

WOOOWY. | TVa3N39

WODOWY —
WOOHIKW —

WOOSAY

NOOSAY

WOOOWY
WOJOWY

ON1WH04

HOOOWY
HOJOWY
WOJOWY —
. WOJYL
WOOSAY

WOOSAV
WOOSAY
WOOOWY
WOJOWY
WOOOWY

ONiOW0d

WOOJWY
WOJOWY

WOJSOUL |||_
WOJOWY NO1SNYLX3

HOOOWY ONI[MVHG
HOJVL H_
WOJOWY ONILLND

ONVINNOD SS300ud

35




91l

8t

r4A}

r4A
(74

ol

(174}

v8
[4:]
18

tAAA
s0¢

i -
602

90z

0z
18
L4
L02

ovi
4%}
1zt

Lil

il
39V

001
00z
08
Lz
oL
sz
oL
081
ovi
09
01
001t
091
zeg
L0l
086
o
005
009
009

00% .

08

0091, ..

665

082Z¢ -

g6LL
0sL
00¢
0011
6951

9LIt .

osL
oLy
05z
0sZ
05z
96

90L

0s¢
T4
8Z1.
229
s91
rAY}

iS00

L8
98
11}
L8
98
S8
68
L8
s8

L8 -

88
L8
V8
L8
98
68
88

88
L8
98
98
88
L8
L8
98

gg -

L8
98
1]
14:]

88 -

68

i8 .

L8
98
S8
v8
88
v8
98
v8
11:]
1£:]

L

88 -

—

SWSINYHO3W HO33u8 ONT-1170W 40 ONIUNLOVINNVIW

W3LSAS IONVITI3ANNS SNOILIANGD AMINIHOVW

L

SIHOVOHA ONIT41Y 40 ONINIHOVW °W°Q°3 IFuIM

ONILVId FWOYHO - ¥04 NOILVENO1ANOD ONIT 1Y, TYWI LdO .

IVYE IVZZNW + SLVT4 INVEAVNO 40 94K dWi

L

.wmm.z_n_ QVIHYYM J4S 40 NOYLD3dSNI + JUNLOVANNVW d3LVWOiNV

dV3M 7001 40 NOILJ3130 J1AVWOLNY INITLNO

43S HOLVH3N3D INION3 ON{ITHILS NOLSId 33ud

" IN3WJ0TIA0 ¥ILAWVYEYL ONIQTIM D110808 QaLvhoiny

> Y3 3dWI - UOSSITUAWOD ALYIJONd TVNa

AQOTONHO3L 94W=FTDIHIA LVEWOD L-W

$31008 IT1103r0Yd 60GW 40 LAN Q3ALYWOLNY

CAULSIWIHO ONVE ONILVLIOH ¥04 NOILOAdSNI 31ivWoiny

SIN3INOGWOD T331S 50 INISSI00Ud ISV

YISV A9 SYV3IO ONIN3Q¥WH 30vIuns

= SIN3NOJWOD SNOJVIM 4O ONISS300ud NI AQY3NI 40 NOILVA¥ISNOD
(WYD) WALSAS LV3duL LVIH SY13S 40 TOUINOD $S300ud NI

L

-

SLNINOJWOD NOJV3M 40 ONILVIUL LVIH 3TOAO-LYOHS

NLIL 10443
396303 %
*(4U0D) SIVLIN.
FRIEIRH IR NN

ONINIHOVW 3AISVHEY 3LVE~HOIH 40 NOILVOIlddY -

ONINIHOVW ALIJOTIA HOIH

YINIT 394VHO Q3dVHS dSVM.

SINIWIAOUNI -ALTAILONGOYd NOISSIWSNVHL SWvHEY -

INIONZ 00S1-19V

JUNLOVSNNVW NONNVO OL S¥MISV1 40 NOILVOITddV

6298

ovse

1421

6¥¥8
16¢8
9028

€018

LS9y

6lst.
€0LE

108¢
LEOY
osvL
6609

6L09

L1509
SoLY
659Y
11104

L
1411
12341

9Zve

6vZ8
80443

WOJOWY —

WOJOWY
WOJOWY

WOJOWY
WODOWY
WOJOWY

WOOOWY
WOJOWY

WOOOWY
WOOOWY —

WOOS0¥L
WOOVL | |
WOOSAY —
WOOVL

WOOVL

WOOVL —

WODOWY
WOOOWY i N

WOOJVL —

WOOSAY
WOJOWY
NOOOWY
HOJOWY

WOOOWY —

ONINIHOVIN

ONINIOr

din|

NO1133dSNI

" INJWLV3uUL 1v3H

SSII0U!

36




1]
v8
8

€8
[1:]
Z8
el

i

651
0ogl
cil

621

1z

6zl
86

Sli
el

60z
L0C
L0z
44!

291

1341
9ll
Gl
sil

39vd

0ol
zL9
655
059
0s€Z
oLz
0sg

. 002

68
69Z
0LZ
os¥
8¢S
6L
00V
889
00g
002
0zt
ozg
00¢
05§
0s€
LSZ
00¢
091
Lzl
002
0st
02¢
0zs
osi
0sz
08
ovz
o<t
0SS
052
001
0s
oov

1500

88
98
98
98
14}
88
88
8
88
L8
98
98
68
14:]
88
G8
14¢}

88

88
88
L8
8
L8
98
58
ve
88
88
L8
88
L8
88
88
v8
98
S8

-G8

V8
L8
L8
88

= SAS A3Q NI4/9NIM OIL¥V 180 NOIJOW 19S/d4 HO3L QO¥d LSOO 01

F10A03d W04 SJIKD NA 40 L13W3Y 9VISOULO3T3 SNONNIINOD

L

AQO8 371103rodd NO SSV1943g!ld (ILVNOTUAWI-Iud

ALIALLONGOYUd SLyVd TVIIW €E8KWX
NOILINNWAY Y3817VO TIVWS ¥0d4 9NIT00L NOIS103dd

SQVIHYYM Q3ONVAQY dJC NOI1vOlyavd

W3LSAS ONITUOLINOW AOY3NT ONV TTVLN3WNOH!IANI

Y3IAMOd AQTIVH3dNS 40 NOLLYZIWOLY 334-IIWVH3ID

dvO A8 SMS10 LSOO MO1

SANIONT INIGYUNL SYO ¥04 SyVIO L13IW ¥IAMOd

SININOJWOD NOJYIM Wd 40 NOI1vOidav4d

SININOAWOD SNOYYIANON 04 STVLIW (3IUIAMOd

SININOWOD NOJVIM W/d LHOI3MLHOIT

S3ENL NNO 40 NOILvOluavd W/d

SLININOAWOD NOJVIM W/d Y04 STOUINOD $5300ud

(-

$31008 rOdd W/d 40 ONIWYOd 1OH
NOI11NT0S ONILYId CQIOV JIWOYHD IN3IdS 40 NOI1iSodSia
SHLYE ONIL1V1d 40 TO0ULNOD ANV SIESATVNY d3LvWoiny

SUOLOY/SUITIIW! 00SE-19V 40 ONINIHOVW. ONIONVIVE GIONVAQY

SININODWOO MNVL ¥Od4 ONINIHOVW (33dS HOIH

W3LSAS TOUINOI/NOILOATAS AINT4 ONILLND

L

STUNAI00Ud IN1TA 1Y QIAOUW!

ONINTHOVW 30078 3NION3 G3lvWoiny

—|||||| SANIHOWW ONO .oz< O/N ¥O4 WILSAS TOUINOD SSI00ud

ASOTONHI3L 00L ONILLNO

S7001 INTHOVIA NOILVHINIO MaN 40 NOILVZITILN QIAOUWI

"= 73A37 NOILWVUINIONOD Qind ONILIND 40 TOUINOD G3Lvwoiny

FJUIL L0443
FREHRIFFRE IR IR
#($U0D) SIVLIN
RN IR

8L9Y
L99%
1141 4

1194
11114
L6LY
9iLL8

11978

LivL

81l
2998
€198

0¢68
A ]
1 74%]
120s
rAYA:]

1198

9¢0v
620y

2ot

65v8
#00L

Y& /A

0zZi8’

LIL8
0iL8

10343

WOJOOWY
WOJOWY
HOOOWY

WOJOWY
HOOOWY

0113373S $S300ud

WOOJWY —

WOJOWY

WOJSAV —

WOOSAY

KOJSAV
HODONY
WODOHY
WOSOWY

WOOOWY

WOOOWY

WOJDNY —

TOULNGD SS3D0Ud

—AOUNTIVLIW Y3IAMOd

WOOOWY u
WOJOWY 9NILVd

HWOOVL —

WOV
WOOVL

WOJS3a —

WOOSAY
WOJOWY
WOJOWY

WOOJWV —

ONINIHOVHW

SSI00k

b= IvAON3Y V1IN
WOOOWY — : :

37




174 00z

00%
€89
oSy
os¥
ovi 005
ol Gzl
123! 051
002
002
€11 0sZ
1 00Z
L0} 09t
1zl (¥4
121 LSl
1] 002
(1} ¥4 002
, (14
602 14:74
651 SLY
ctl osi
8l YL
0si
1741 0si
Zil GLS
rAY} 00¢
(441
¥4} 2
o1z (747
clt 061
19l 052
€0z 0sZi
602 0521
(¥4} olg
v T4
0501
z8 ZL9
68 . ..G6z28
osv
66 0s¢
00L
66 005
3V 1500

L8
88
L8
98
8
4]
L8
L8
88
L8
98
88
88
14]
14°]
88
88
88
L8
v
88
(1]
L8
113
88
88
L8

98

88
88
L8
88
88
88
L8
98
68

L8
98
L8
98

3LVd HOWYY 40 oz_oquz JONVLSIS3Y INTWHND HOIH G3sINd

ONISNOH Q31vJ1¥avd 133LS SSIINIVLS

ONIT00L SSH JO JONVNIALINIVIW ONV dIVdIY q13M

(WvD) 3LV1d 3SvE 40 ONIG13IM 037110804

SANCINHOIL ONINIOF TVOINVHOIW-04103713

ONI1QT3M NOILOIYS 40 SOOHL3W NOILVLION-NON

SHOLYNOVAZ 3408 40 ONIQTIIM QILVWOLAY

SYIWWYH 39u04 AYVIOH 40 ONIQI3IM QILVWOLNY

(L-£84Y) SINIWIONVAQY A9OTONHOIL ONIGTIIM

S30HS OVl 30 ONIOVd QuvH

rJ Hd~SININOWOO ON3 00G1-19V ¥04 ADOTONHOAL ONILVOD GIONVAQY

ONIZIHNEYYD IUNLYHIAWAL HOIH 4O NOILVAIVAI

$S300ud ONINNVOS 3JHL A9 ONINIGHVH NOILONANI

L

INIWLV3HL LV3IH 038 G3Ziainid 40 NOILYOI1dgV

3417 3N91Lvd 38n1 3A0UdWI OL 9NIHS110404L0313

SININOJWOD NOJVIM 40 NOILVINVIAWI NOI

T JONVLSIS3Y ¥VIM Q3A0UdWI ¥0d4 SS300Ud INIAOTIV 39V4HNS ISV

L

$3¥08 3J8NL NMO 40 ONIAIS

SNIJ MOVl J0 ONINILHOIVELS ¥3110d

SIN3INOJWOD NOJVIM 40 9N1T10d ON1Y

ANIWHS | H¥N43Y YINIVINGD Q3LVWOLNY

HOWNY 3L1SO0dWOO/J1WVHI0 QIONVAQY

= SW3LSAS NOISN3dSNS 3TDIHIA LvawoDd ¥0d4 SINOINHO3IL NOILONQOHd
 SININOAWOD SNOQVIM LHOI3M LHOI1T/HLIONIYLS HOIH 40 ONI1SSIO0Ud

|

SYOLVHLINId NG AOH 9NOT ONINIHOVW

SIT=TSHOLVHLANIG/d TVIYALYIA NG SNELIIW. NE S3781004D. D1 WvHID

:
L

NOLLINNWWY 0S° ¥3G17V0 ¥03 94W L137IN8 AIAOULWI

JUNLIVANNYW ISYD 0S° ¥IFITVO QIA0UdNWI

JUIL 10343
FRIHI N RN RN
#(4U0Q) SIVLINy
LRI T T T T2

ONIQT13M DY Y3AMOd IVIIW G3CQIAIHS Svo

Loy

8LEL
glL8
s198

19494
€048
10s8
8%}
0cv8
L0LE
visy

8¢0y
862ZL
€148
9098

2648

1 XA
2268

2648
L00%
5098
$009
€09
vL0G
9268

oLLY

69LY .

89t

189%
18043

.. WOOJOWY.

WOOV1 —

NOOSAY
NOOOWY
WOOOWY

WOJOWY
WOJOWY
WOOOWY
WOJOWY
WOJOWY
WOJOWY —
WOJVL —

WOOVL
WOOSAY
WOOOWY
WOOOHY

WOJOWY
WOJOWY
WOJOWY —

WODONY

ONIQT13M

FANIWLY3YL 30v4uns

ONIAINS

zooﬁruu
WOJOWY ONIT0Y

W03s3a
WOOVL —
WOOVL

WOOOWY

WOOOWY

WOJOWY

WOOOWY —
ANVINNOO

Ui vd3y

NO1LO3713S . SS300d .

$S300U!

38




20¢
€02
202
20¢

39vd

059
00s2
0sZ
0881

1500

88.

88

88
88 .

TOULNOD ONV. ONINNYId SS300¥d QT3M

mu(.dmk<z.mozz< G3ZI1TViD3dS. Y04 SAOHLIW ONIUNLOVANNVIW v

HOWHY dO0d4 S3SS3T0Ud ONIGTIM NOILISOdIq HOIH
~SATOIH3A LVEWOD OL HOWYY NOILVNISWOO. 40 INIWHOVLILY

T L0483
IR KRR NN

#x{4U0D) STVLIWe
FRRHHIF IR ANN

6Z19

6609

8¢09

LLSY

1048

WOOV.L
WOOVL R
NOOVL ONIQTIM
WOOVL —

AGNVISI0D SS300%4

39




68

68

929

9

89

29

¢L

66

86
oL

9L

LL

L6

6L
LL

9

29

69

29
OV

GlLg
659¢1
0091
¢ZL
002
1173

009

:7A 43
vil

Lye
10¢
0sZ
1134
00L
osL

001

00§

00g1
0oL

88¢
8ivi
002
0sL
0ss

002
oaL
11214
LSS

8681
L1z
G6Z
896
L8
088
961

00¢
1434
2682
8v8
00L
0se
008
SL

(144
842}
o6l

1500

88
L8
98
S8
98
98

11:]
88
68
e

R £

a8
ve
88
Lg
L8
98
98
11:]
88
14]
88
L8
98
L8
98
ve
68
v8
S8
¥8
88
88
L8
98
G8
L8
98
68
v8
G8
v8
L8
98
&8
1£°]

AINVTT13d0dd MOILS JO ONIGNITE Q3lvwoLrny

ONION3T8 31SYd SS3TINIATOS QIAOUKWI
SdOY¥d *8°S ¥O4 NOISNHIX3 ANV XIW ‘QdO Q3N18W0D

ONIXIW OINHOAL0UAd 40 SINIWIACUIWI ALIAVS
JAYNIHO 9LWX Yl Y04 AS0TONHI3L SS3D0Ud

L
L

JA1SOTXT V3 HO4 ONIHIAANIOND $S3IT0U

W3LSAS NOO3Q 30VAHNS ¥UOIYILNI

Fllll!.mk2wzomzoo NOVLINOWAY 4O ATBW3SSY ALISN3G-IH 31L1VWOLNy

L

NOLLINAWWY 06° VO 40 ONINNIT oLnv
ON10334 3901dLyvd 08° VO
— NOILINNW S103443 G3NISWOD 8/L6 N9 40 ATGW3SSY GILvhOlny

HOLVINWIS HSYT1d LZW J0 AT8W3SSVY Q31viWolny

HOLYINWIS HSV1d ZZW dJO ASSY olny

= OWWV WWOS°S OLWN JO JUNLOVANNVW u04 S3$SIV0Ud QIZ1NYIGOW

L

910 NVL OL ¥3ANIT 3AIL1dAY JO ASSY olnv
S3T1LO3C0Ud 099X ANV 6¥SW HOd AVIIA 4O NINVW OLNY

Flll 11 NOILVYNIWVINODAG dind3 TvnAIAIAONI JHL/4 S3SSIT0U QOUd

Fllllllllllllil.mﬁmhq_m 80 Y04 ONINNYId SS300ud (4301 V-U31NdWOD

WALSAS WIVIV IN3IOV TVOIWIHO ZTZWX Y04 LW

SUILSINVO MSVW SVO U0 SS300ud ONIUNLOVANNVR

SW3LSAS ONISN3S 310W3YH TVOIWIHO

JUL 1N0d443
RN RNR
#SNOILINAW

P36 36 9633632 26 366

099

siov
eLsy

1494
Lysy

ri6l

0595

0oLy

194414

[A4%4
909

64V

ossy

14174

olsy
(344 4

260

LZ60

9260

260

060
1¥043

WOOOKWY —

WOJOWY
WOJOWY

WOOOWY

~ HOQOHY

WOJOWY —
WOJOHWY —
ROJOWY
WOOOWY

WOQOWY
NOJOWY

WOJOWY

WOQOWY

WOJOWY

WOJOWY
WOJOWY

ROJOWY

HOOOWY

WOOOWY

HOOORY

WOOORY —

[ SNION38

ATgNaSSY

$SI00U!

40




6L
<8
¢8
€8
6L
0oL
6L
oL
sL
oL
8L
SL
8L
8L
8L
8L
Z8

06

06
<6
68

99
99

L9
68
99
16

L9
69
88
89

39vd

0001
0001
0001
0001
0se

- 00s

0s8
0004
osL
002
osL
0se
00st
00s1
00s1
0sL
0sL
98t
685
[4%
86¢
Lyvs
044
Lis

o0zz

982
s6

- 081

6z

681
6L1
00¢

- 696

10L
844
00¢
1144
os¢
[24%
0001

1500

88
88

88

88
88
88
89
88
88
88
88
88
88
88
88
88
88
88
L8
98

‘a8

88

- L8

88
L8

- 98
‘68
-8
L8

98
68

- 68
18

88
98
68
8
88
V8
L8

—— OWWV (SMSA) SAS NOJVIM Lu0ddnS 103M1a 40 dV1/4 A90TONHOIL
— (dWVHO) rodd 1dv Q3ZI119YLS NId NI 8 4O 94W/4 HOAL GAUdWI
—— NOILLINNWWY SNINIVYL AM3ITTI18Y NOIS3IA AQV/d $3SS300Ud OdW
———— WOl 3S0d¥Nd 1VNd J400NVLS O3AOUdWI/4 S3SSID0Md 93W

JIUVHD ONINVIYE 1TVM/34 SS3D08d 94W

= 301A30 w>_mo._..u_xm Q3A0TdW33Yd 34vS ‘033dS/4 SISSIO0Ud 9K

SN91S3G 130 AQV/4 $35S300Ud 9dW
HIWIL TVDIULOATT ZOLWX ANV ZLWX/d4 S3SSI00Ud 94K
(SWH0LS) W3LSAS ANIW ILNOY-J40 HOSNIS/4 SASSIV0Ud 9dW

—— S394VHO NOILITOW3Q JUNLONYLS 31IYONOD 03dS/d SISSIT0UL 94N

(3vd AVdS) WILSAS AVHdS VIWV 3G1M/4 S35SIV0Ud 94l
S301A30 ONIYI4 3WIL 3T18VIUVA ¥04 SISS3I0Ud OdW
SWILSAS 3NIW LdIONOD GIONVAQY 40 dV1/d S3SSIT0Ud OdW

— F7110370dd YVLIUOW UOWHYIINV Q3C1IN9 3HL 40 dV1/4 $S3D0Ud OdW

W3LSAS ANIW MNVLILINY 3LNO¥-440 4O dV1/4 S3SSIV0UJ 94l
W31SAS 3NIN QIAOYUdWE 30 dV1/3 SS300Ud 9dW
— 35VE NGJ JAISNOdSIY V NIVINIVW OL IN3WSSISSV + IN3AI dind3

ONISS300Ud INVINIIdOUd INITWWVHELIN

—lll| SINVIT3dOYd 3SVE 11NKW 40 ON1SS3D08d HOLYE Q3AOUdKI

—INV113d08d 3SVE FTONIS 40 ONIAYA + AY3A003Y INIATOS G3INIEWOD -
0333 YOLVH3NION} - INVI13dOud 3LSVM 40 ONIY¥3LVMIQ

SAVV 1V A9MINI 40 NOILYAYISNOD

—NOILVALINIONOD GIOvV 1133V ¥O4 INJATOS O1dOULOIZY 3AILUNHILTY

L

-0 NOILISOJWOD 404 IN3WIAOUdWI S$SI00Ud
94N dO¥d TIVE ONV ES OLAV NI SNIAYD TOULNOD
SINVT13dO¥d 3SVE ITONIS 20 ONIAYQ/AYIAOOR IN3AT0S
3S0TNT1300ULIN 30 NOILVHOAHIA GIAOUNI

_Ix_z:\xnm Y04 SS300Ud 10TId OSWA 40 INIWIAQUdWI + NOILVOIdIQOW

OUINOD IZIS 101 L8Vd NOILVZITIVLSANOIY XWH/XQY
SINVTT3dONd T1V8 WWZ9°L 40 ONILVOD 3LYNOGHVD WN1OTVO
INIGVOT SW08 ¥04 1SVD INOD X&d

JUIL Woda
FHRH RN IR NIR
#(4U0Q) SNOILINNAX

969636 3636 9 3636 36 36 36 36 96 36 3 36 9

ovLS
shis
Ivis
ovis
{914
y<LS
¢cis
1€LS
0gLE
6ZLS
8ZLE
LzLs
cZLE
czig
zeis
1zLe
clig

969y
zLSY

LoLy
669¢

[§:74 4
viLe

6viy

Sl

L20V
069¥

8LV
994t
oty
ei6l

140443

WOOOWY —
WOOOWY
WOOOWY
WOOOWY
WOOJWY
WOOOWY
WOOOWY
WOOIWY
WOOOWY IVY3N3S
WOOJWY
WOOOWY
WOOOWY
WOOOWY
WOOOWY
WOJOWY
WOJOWY
WOOOWY —

WOJOWY —

WOOOWY —
WOJOWY —
WOJOWY

NO1SNULX3

WOOOWY  |NOILVAY3SNOD AQH3N3
WOOOKWY —

WOOOWY —
WOJOWY ONIAYT
WOOJWY —
WOOOWY ——— NOI 1V0AH3d

WOOOWY .
WOOOWY 1 NOI LVZ1TVLSANO

WOJOWY ON1LVOD
VASAVN " 9NION38
GNVINOD SSI00U

41




98
98
98

96
oL

16
86
08

86
08

08
L

6L
6L

08

6L
8L
s9 -
8L
LL
8L
8L
LL
LL

6

L9
oL
€8

0Vd

Ly
oLE
§LZ
¥91
L16
9z
ogg
1zy
6LZ
05z
00Z
09L
008
091
059
1227
(124
ovL
c8¢
00t
819
685
80¥1

1y AN

0LS
vi8
129
0sL
0s¥
059
osi
ore
0sL
00z
ost
689
86¥
0¢9
889
A%/
0sl
1A%
0001

1500

L8
98
68

vg

- ¥8

88

88

L8
88
68
V8
88
88
L8
98

- 88

L8
98
Ve
98
98
8
88
68
v
L8
v8
88
28
88

- 88
. 88

88
88
88
88
L8
L8
98
s8
v8
88
88

SNOILVHIdO AY¥IA0O3Y GIOV WOoMd 39aN1S VNI 40 Tvsodsia
S3111710vd WODUVA Y04 INIWALYEV NOIINTIOd GIONVAQY

L

L

dV¥31 NI dWvDS/4 IN3WILvEv NOILNTI0d 3SION

3NTHOVIK NOILONAOYNd ¥O4 AS0TONHO3L 39VHOLS QIAOHdWI
SHIWOS| INL ONV ING 40 NOILONQ3Y IVOIW3HO0WLI313

W3LSAS TVAOW3Y AGOS 3SVO I181.LSNSWCD WWOZ I
OWWVY INVI8 D11SV1d 0S° ¥381TvD 04 $3SSID0U4 NOILONAONd
W3LSAS 1NO-NOVd H3NIVINOD INIWIHONI WWLl8/09

NOILINNWAY 0S° TvO ¥Od INIWQING3I 9Niavol

SNOILINAW VAI AYVNIE ¥O4 AD0TONHOAL dV1 + 3S010/71114

_IIW

L

SANIW dVY ONIQVOT ¥Ood dInd3 ¥nOd-113W 0Lnv
OV3 130 ¥O4 NOILVLIS SNINVIID ¥3IWyvd oLnv

SANNOY MNVL ¥0d SNOI'LISOdWOO XWH 40 ON1AVOT SSFud
SAAISOTdXZ AUVHWI YD 40 NOILISOdIQ- NIFHIS W11S

VO 97 HO4 Y3IZITTVLSAYO INL

Flm:om 1730 1SI1X3 30 ALIAILONAOYd ONY SS3NIAVIY ALI4VS 3IAVHOdN
“~ W3LSAS ONISNIASIA 3NIW TVSUIAINN 3HL 4O dV1/4 $3SS300Ud 94W
—— SNOILINNW SO WWOt ¥O3 ADCTONHOIL ONIYNLOVANNYW d013A3Q

ONIWHOd ALIAYD 3H 404 SS300¥d GIAOULWI
SNOILINAW Q3QV0T1 3H 40 NOILOISNI/ZONINVITO QVI¥HL
JAYNIHO JY 8W/4- ADOTONHOIL SS3ud ANV 1114
ONIQVOT ¥30vdl 40 NOILVZINY3IQOW
3H 3ALLISNISNI 40 ONIAVO1 NOILOIFNI/SSTd
NOLLINNW 3INOWS GIAOYUdWI/3 HOZL NGd IHNOWS WWOS

ANVId 3INIQINVAOOULIN HO4 SHIZATVYNY 3NIT1-NO

FUNLIOVANNYW SINI S XWH/XQY ¥0d SSID0Ud QIAOUdWI
S3A1S01dX3 3T IW3AC ONISSIV0UIY
NOFLINNWNY WWSL Q3ONVAQY 30 94W/4 AS0TONHOIL

: TLIL L6048
F6 3363 36 3 36 36 3696 36 96 96 I I 3 5
#(+UOD) SNOILINAWx

332336 36326 336 3K 3 K

Lisy
68vy
:14%4

11
¥Zid

SLLY
965 ¥
11394

14314
18219 4

vesy
Y449 4

ozsy
cley

002y

8L0%
velse
oLLe
Loz
€0LZ
rAYAL
ved
80¢1
. 1004

LZvy

visY

sy

Lvle
1¥0443

WOJOWY

WOOOWY
WOJOWY [ INJW3LV8Y NOILN10d
WOOOWY

WOJJWY —————— 9NI19VNOVd
NOJOWY NOILVYLIN

WODOWY — ONITONYH SIVI¥3LVW
WODONV —
WODOWY

WOOOWY
WOOOWY
HOJOWY

WOJOWY

HNOJOWY
WOQOWY

ON1QVOT

WOOOHWY
WOQOWY
WOJOWY
WOJOWY
WOJOWY
WOOOWY
NOOORY
WOOOKY
WOOOWY —

WOJOWY NO11D3dSNI

WOJOWY —————— 9NIaNI¥o
zooox<uu
WOOOWY BAL-ELED)

GNVINOO SSI00UH

42




¢8
&L
69
69
16

69
L6
8L
14

29

19

€9
9L
08
15°]

19
s61

89

69
89

€9

L8
98
88
L8

L8
88
L8

39vd

0is
0ss
629
ove
6Z¢
15194
L6S
oeel
a¥s
(144
0001
0s¥y
68¢
6912
89L2
0002
L8Z
sly
1174
9st
00¥
00sl
8¢l
00s
00s
0sl
08¢
s0¢
€92
LS
6l¢
0¢eZZ
99¢
0s¢
0se
0se
00¢
05
SLe
ose
0S¢
vie
1194

1500

88
L8
98
88
88
L8
88
Lg
98
L8
88
88
8
88
L8
98
L8
98
1]
v8
88
88
88
88
L8
¥8
88
L8
S8
98
68
88
98
68
98
S8
88
88
88
88
L8
v8
¥8

flllll.kam>m Oryd TOUINOD 13 NOILOVIY J1QiN1d 40 40ud IWNT0A

SINANOAWOD 3SVO 31GILSNAW0D WWGSL dJO ONISSTU-1LINK
SIAISOTAX3 XWH/XAY 40 ONIOWAIOVd (3LviWoiny
JUNLOVANNYW XWH/XGY NI AYIAQD3Y INIATOS Q3AOUdNWI
ASOTONHOAL ONIUNLOVAONYW ¥3dVd (ON) 3SONTIIO0ULIN

L
_

—(VIN) S113HS YIEITVO 394VT ¥O3 SIAISOTIXT HOIH 3ALLISNASNI
NOILINAWAY ¥3G1T1¥D 1TVWS ¥04 HO3L Q3AOUdWI
L3MO0Y SO 96WX 04 AOOTONHO3L 94W d0T3A3C
HOVITE TVOIdOdL d3dNS

J0HOOTIV TATOOVNId ¥0d4 3SvE VLVQ AS0TONHOIL

L

SW3LSAS NOILD313G 80 3HL/4 S310Q081INV HO4 1hW

W3LSAS LSNVHX3 3INION3 FIOIH3A ¥04 HO3L J0ud

hllllllllllllamb_muqkmzzv IVOOUVHO (GILVNOTUdWI JO FUNLOVANNYW
SNIVHL AV13Q 40 94W ¥O4 AD0TONHO3L d013A3d
HOZL SNITANVH TVIY3LVA dV1 G3LVWOLNY Q3AOUdKWI
(Qg01) INVNIWVLINOO3A TV31907018~TVIIWIHO G3AOUdNWI

Flllllllllllll ANVNIWVLINOO3Q ¥019010{8-TVOIWIHO 3S0dund=1LNK
SINI1G3HONI INVT13d0¥d TVNOIL1dO

ANTUIOATO0ULIN 40 ONITdWYS JILVWOLAY 310W3Y
> TOUINOD SS300Ud G IWVYNVAD WRIDTVO

L

AdENIS XWH/XQY 40 SISATVNY $S300dd/4 QOHLIW
~ SANIT S3IAISOTdXT 40 TOUINOD 3Ai1LdVav

ﬁllllltl SHALTIA TVOOUVHO UVIANNY HO4 YdddVW 3SHIAVML ALIDOT3A

Plllllllllll ANIWILVEY SUILVMILSYM INVITIdOYd (VAOT) 3NIWVHLIN
A90TONHOAL TVSOdSIG (390N1S) 3LSVM 4I10S
— NOGYVO QILVAILOV N3IAVT AGOSOULIN JO NOILVHINIOFY 1INIAT0S
—AIN1d L1You3dNS ONISN YLMILSYM WOHd SOTdX3 40 TAWIW/LONHLS3

L

ANIWIVIHL Y3LVYM3LSYM JA1SOTdX3 MV3
ANIWILVEV NOILNTIOd ¥3LVM 3LIHM
~ldX3 40 YdW AQ QILVHINID SINVINITOd ¥ALVM/4 SUOLINOW 3NIT-NO

ERINFRNE. EEC)
i
#(4U03) SNOILINW.
R RN HR

L4TAY
869
G69Y
¥69¢
14314

344

9¢0¢
vie
L1951
1149}

1£60

8260

S060
slod
2000
s100

Zi00
1249

£69Y
1 XA

¢igv
9061

€260

Zi9v
8sLy
L69Y
169¢%

689
6LSY
£ 4

WOJOWY —

WOOOWY
WOOOWY
WOJOWY
WOOOWY

WOJOWY

WOJOWY
WOOOWY
WOJOWY
WOJOWY

HOOOWY

WOOOWY

WOOOWY

WOOOWY

WOJOWY
WOJOWY

WOOOWY —
WOOIW —

WOOOWY
WOOOWY

WOOONWY -
WOOOWY

WOOOWY —

WOJOWY —1

WOOOWY
WODOWY
WOJOWY

WOJOWY
WOOOWY

WOJOWY —

NOI1103713S SS300ud

t— TOBINCO $S330dd

IN3W3LvEv NOILNTT0d

S$S300U

43




€9
¥9

06
9L
L9
€6

6
s9
€9
€9
€6

16
06 -
68

L9

9L
96
96
96

691
L8

s9

26
Z8
39vd

0se
0s¢
202
00¢
062
Lig
9ly
002
oiy
0oz
009
009
009
0se
66l
(1] ¥4
9LL

128
0L9
09L
vaL
00%
ZiL
8201
288
Lyl
Lz
1449
00s
6Ll
001
vl
stve
oLy
394
G¢E
802
000t
0oL
oot
SLL

1500

L8
98
S8
14:]
8
s8
L£:]
¥8
88
L8
88
L8

98 °

88
88
88
88

88
L8
98
68
98
S8
¥8
98
68
v
88
L8
88
88
88
L8
98
L8
98
88
88
L8
98
98

INFWINOI NOILVHLAN3d ¥3LTI4 40 NOILYZINYIAOW
W3LSAS NOI1133130 OGNV ONIYOLINOW ALITIOVA AYVNIS

=" SNN9 MNVL 3LVIAWIS OL NNOVNAQ NOILVMINIO QUIHL V d013A3a

SIXIW 3AISOTdXT 40 SISATYNV JUNLSION Qldvd
04l XWH/XQY 404 HIZATYNY JUNLSIOW 3INIT=NO
SONILYOD JA1103108d 3FHL 40 NOILYNIVAI SNONNILINOD

WIVIV LZWX ¥04 INIWJINGI IINVLLIDOV
" ASYIW 3A1103108d ¥04 SQUVANYLS MvId
SNOILVH3d0 ONILS3L Y3114 Y04 SQUYANVLS LS3L MvI1
ONILS3L ¥3L3IWVELINId d00 HO4 SCUVANVLS MvI1
ON1SS300uUd LNVI13d0Odd MOILS 3SvE FTIONIS

NOJ LVZHH3LOVHVHO ONISS3008d INVIT3d0Md MOILS INIATOS

L

—18WY0 NO INVIT3dO¥d NOILS 3SVE~ILINW 40 NOILONGO¥d GILVWOLNY
INV113d40¥d 3O11S 40 NOILONAOWd 01Ny

SISATOULIN XOQY ONIUNG XWH 40 G131A JAOUdWE

SUOLYNOLIA GGW ONITVIS ¥O4 1d03 QILVWOLNY 40T13A3A

SIVIMALYW D1L3943NI SS300Ud~NI 40 INi1dWVS O1.1080Y

I
L

Y3183 OIULIN = VHSO O AINIWIAOUdWI TVINTWNOMHIANI
SWALSAS NOILO3TTI03 LSNA A¥d NI NOIIN3AIYd SO1dX3

S3T1L03rodd GNV S8W08 NI S3AIS0TdX3 4O ONILI3W HISV1

ALITIOVY NOFLYWVIOIY 3A1S01dX3

SNOILINOW AUVNIS ¥04 ASOTONHOIL $3$SIT0US 40 AIAOUMWI

|

SINVIT3dO¥d S$S3T3ISVO ¥OJ $3SSID0UJ 94K

T~ SOVIHYVM AQYANI TVOIWIHO IVIY3ALVW 3LVYNYILIV 404 SCOHLIW O4W

JUl o483
FR MR NN
#(4+UOD) SNOILINAWx
LRI T EET TR SN

8160
Ls9%

1444
%49 4
1XA 47
8lLg

0<60
¢£00d
200d
100d
89LY

889t

leay

€LZy

0¥y

89¢y
969

siey .

LL0Y
800L
131} 4

LLLY

£9LY
19L¥

WOJOWY —=— TT¥JIW3HO ‘oNiLs3L
WOJOWY 1

WOOOWY
WOOOWY
WOOOWY
WOJOWY

ONI1S31

WOOOWY
WOOOWY
WOOOWY
WOOOWY —
WOJOKWY —
Odi
WOOOWV  F—1INV11340ud NO11iS

WOJOWY —

WOJOWY —=— 94W 3011S IN3ATO0S

WOJOWY NOILVdvd3s

WOOOWY ———————— 9NIV3s

HWOJOWY

WOJOWY T ALadvs
WOOOWY

W0JS3d u

WOJOWY NO{LVWVI03Y

WOJOWY

WOJ0WY NO110373S SS3004d
WOJOWY

GNVINOO S$S300d

44




6

39vd

0ze
0s2
oiy
056
00gl
oscl
009
009

1502

98
a8
¥8
88
L8
98
58
14

SNOILINAW dM 40 NOI1D313a »v3a1 olnv SLvy WOOJOWY
ININAINO3 1S3L ¥3LTI4 TVODHVHO 40 COW G621 WOJOWY IVOIWIHO ‘ONIiS3L
FJUIL 1048 10443 GNVHNOD SS3D0Ud

0NN RN
x{4U0D) SNOILINNW«
IR N NN

45




80¢

o1

Z8l

9l
gel

902
26l
gl
34

Lel

44!
661
(¥4
¥0Z

¥61

26l
601
144!

8¢l
9l
8cl

0vd

i
00si
oot
0062
001
00si

- 0082

GL8
GL8
SL8
0sL
00s
vie
¢v6
688
189
008
sle
0cL
osvy
06l
0¢s
il
ozy
901
89
991
0sl
osy
00¢
0ss
0ss
00g
0001
06t
0i01
005
1814
LoV
L81
€69
osvy

1500

L8
98
68
4]
68
98
ve
88
L8
98
68
L£:]
88
L8
98
a8
88
a8
14:]
88
88
88
S8
v8
98
68
14
v8
S8
88
88
L8
98
68
L8
88
L8
98
a8
ve
V8
€8

L

WYYO0Ud INIWIAOUWI ALIAILONAOYd L1043 AWMY 373001

T QY37 -~ WVANOOUd INIWIAOUdWI ALIA)ILONGOYd 10430 JONWVH ONOT

1¥0ddNS NOILONGOYd ¥O4 HOOSANVH NO1S3Q ONIYIINIONT AWHY

ADOTIONHOAL ONIUNLIVANNYW IWVHIHIY QIACUIW!
(SO3IWILSAS TVOI1d0~0ULOATT ILISOdWOD

OIWVHID 40 SINANOMWOD 3NIONT JO JUNLOVANNVK

T S3WOQ ¥l OJIKWVYID 1S0D MOT 3DONVWHO4Y3Id HOIH 4O NO!LONAO¥d

IVIY3LVW 311S0dWOD 40 VNNILINV/ONISNOH INIndind3
STUNLONYULS Y¥ILMODIT3H NI WvOd4 Qiold

S700L 3417 9NOT G3LV0D Z8il d40 QoYd

H0L0¥ TiVL 3YND 3T9NIS

SNOJLVINSNI HOLOW 133004 NI SOLS3ESV JO INIW3OVId3Y

L

-

JOVEL L8N GIAOUKWI

ANVL LW W3LSAS INIVdA Q3lvwoiny
SAININOdWOD 311SOdWOD 40 ¥ivd3¥ 10430 41314

SWALSAS 30OW IVNQ W04 S3WOQ 0 ONIN3QHYVH HISVI/4Y

SOILd0 AYVLITIW/A SOILSYId ONIINAOKW/ONILVOD VOl 1do

SININOCWOD 3NISNI JAINIWNIY WNINVLIL

SIUNLONYULS JILSYIdOWHIHL QIDHOANIZY w3gld
ONIGNOS Y¥IVd3Y GIONVAQY 40 NOILVHOILING
SNOILVYOITddY 3901 NN9 ¥O4 SUINIT JIWvy3Id

FJLL 190483
L3I ET LS Y
%xSTVLIN-NONx

3636 3696 36 9 I 3 -3¢ 36 3¢

0609

2002

2608

(A} 78
8lvL

€608
[24%}
rA*13
8¢GL

20¢L

vivl
1601
LO1S
120y

8002

1241
¥9¥8
14178

eLvL
a9vL
9¢s8

130443

HWOOVL

WOJs3a dinl

OV —

WOOSAY  {———— 1vu3N39
WOOSAVY —

WOJY1 —
HWOOIW
WOJ30 [ SNIW30d
WOOSAY —
WOOSAY ————— ONILIND
WOOSAY —————— 9NI¥n?d
WOOIW " 9N1ANNOdWO9
WOOV1 —
WOOVL
WOOINW ON11V0D
HWOOIW
WOJOWY —
HWOOSAY ONLLSVD
HWOOSAY ————— oNiaiwig
WOOSAY ———————— 9NIaN0S8
HWOOIWY Agn3ssy
GNVIWNOO $S300ud

46




61 oSt
066
¥44 066
0s¢
S0z 0sZ
. 002
009
g6l  GLY
I¥i 0822
SLy
05z
oSt
ovl z98
irl 526
0z! 052
00¥
1zz  00¢
61 005
19 vzl
8¢
L1 002
005
$02Z 05z
801
oLL
Zz . 029
052
90z 052
6zl
G0z . 06S
96z
8¢l L0z
00Z
0z 00¢
852
651 9l
ez
o€l oo¥
.. 0001
. 8Z5l
L GSL
4y
LE1 SLS
39Vd 1500

v8
L8
98
98
1]
98
s8
14:]

88

L8
98
68
v8
v8
88
L8
98
88
¥8
L8
98
68
14}
88
L8
98
98
g8

. 98

11}
[1:]

vg

98
58

. 68

¥8
58
v8
g8
L8
98
58
vg

$S300Ud HOLVINSNI - WMIWOLSYTA ANMOM

S390149 AYVLITIN 04 QHOHD WOLL08 311SO0dWOD

S14VHS JA1¥0 31150dWOD

“— SINFWHOVLLY ONV S303!d 370d 311SOdWOD YOLOW 13N00H TVHOIING
8NH ¥O10Y 311SOdWOD J3ONVAQY

ONISNOH HOLl!d 311SOdWOO 40 NOd
VOS~HN 3HL ¥04 30VIE HOLOY NIVW 311S0dW03 1S00 MO
~— S311S0dW0D X I¥LVW DINVOHO ¥04 ALITIOVE 93ddIdd YV HS118vLS3

|

QHOHO SSNAUL ALITISVLS HOIH
SdILISON NOBYVD/NOSUVO LSOD MO1
SUINIVINOD IN3OV NOO3Q 40 ONILVOD NIdS

_Ilu S311SOdW0O AOV/4 3HVMGYVH $S3D0ud 40 zo_._.<,>_._.uc OINOSVHELTN
_| SIIOIH3A TVOILOVL NI NOIINIAIYd NOISOUHOD HO4 ONIUNLOVANNYW

_
L

STIIHMAVOY + OVl ,>._._._ 1GVHINTNA MO

BOL0Y HIOYVHOORUNL JTWVE3D

S73IHMAVOY 40 ONIGION NOILO3rNI wagany

STUNLONYLS , AHVANODIS 4O ONIGTION 3NVHLTNN Wi

_

ATEW3SSY H3ANI4/CQ00H dN=-1T11 LHOIIMLHO1T

_||| S3d00SOUAD A0 SIXV OML Ni JUVMGUVH OJ11SV1ld Q3070W JO 3sn.

L

_

mm:._.ngw 140ddNS YOSN3IS 3L1SOdWOD G3IONVAQY

b GININOJWOD HOL0H ONV IWVHJHIV 04 ONIT00L LSOO MO1

FL o443

ORI
#{4U0D) SIVLIN-NONx

3636363636 36 36 36 36 36 36 36 3 3 36 3636 36 3¢

9zl

08¢

800

6801
L9vL

1£:118
28¢L
198
. 208¢
0801
€160
656L

100%

(11::9
¢Zi9

800%

LpsL

0009

11175

GQ9vL

9L
180443

 WOOSAY —

WOOIW — J1ulS ‘ONIGNIM
WOOSOYL —
WOOVL

WOOIW
- KOOSAY

ONIONIM

NOOSAY
WOOSAY
WOOOWY —

WOJSOUL H_
WOOIW — ONIAVIM

WOOQOWY ————— JOVY0IS

WOOSAY NOISMHLING

WOOVL —

NOOSOML —— NOILD3T3S $SI00Nd
WOOVL —

WOOVL [NO1103rNI “ONIGTOW

WOOVL —
WOOSAY — ON1GI0N
WOOSAY dn=AV1
WOOSAY — dN=AV1
GNVII0O SSIO0NUL

47




88

L
G8

0si

051

sle .
191

191

9zl
s6

69

80¢
60C
6v1
L2l
8zl
vZi

743
szl

174}
66
v6

6
39vd

Sivi
08L
0L6
L8¢
0¢e
05l .
00¢

00€ .
05z
e

82z
802

€61

TR
00s

1A}
96L1

0s§

00s
A9
S04
s02
052
009
0001
08
00¢
08
0oz
osi
00¢
ovi
8il
0s¢
LTAA
00¢
LSy
L6l
oig¢
06¥
062

1500

98
68
88
L8
98
S8
88
S8
v8
88
88
88
L8
L8
88
L8
98
v8
98
S8
8
88
88
98
8
v8

INVOS - 1531 JATLONULSIA-NON G3LVWOLNY VD TIVWS

3204 AWIL 10313 ALYV Z9LWX/4 ooxmummk.omm.mmz Uil
ONITI00L 9dW 40 JUNTIVY ONILOIA3Ud ¥Od SISATYNY

SAOHL3W ANV ST00L NOILWVYMINIO Sdi

3LV ONIWWVHOOYd ¥04 ST00L JUVMLIOS

SIUNSVIW ONIYIINIONI ASOTOQOHLIW 1531 NOILONQONd WOOJ3L

L ONI1S3L

WILSAS 1S1Vd GIONVAQY

JIOIHIA 1VEWOD (1S1Vd) YOLVINWIS VILNINI ONV ¥IMOd

r0k<o_hm<52>w z:o.o_mwzum

ONILS3L J1LVLSOYAAH 3STNdKWI MOOHS

Qz_hmmh,mw<¥<mJ ASYW JA110310ud

NOLLVHOILNI SWILSAS AS0I04HLIW TIINVAQY

SAVIYUHL TYNYAIN! JO NOYILD3AdSNI ¥3asV

SUIIVM 31GOOH 4O ONINNVIS G3uvddNi oLny

SININOJWOD HONIW 40 NOILD3IdSNI a3lvwoliny

== OIW JHL ¥03 HO3L d4SNI T3MVE + S3SSI00Ud OJW 1108 m>ommz.

L

SaNOINHOAL OILSONIVIQ 39VWI VLiSIa

SLIN3INOdWOD T1003¥ 40 NOILO3dSNI A3LVWOLAY

S38NL NN 40 NOILOIJSN! ANJHUND AQQ3

SANINOWOD SNOJVIM 40 NOILO3dSNI QaLvWOLNY
AUITTLLAY NO dVdM SSV1943G13 40 NOILO3dSNI oLny

L

NO1LO3dSNI 30V3¥NS TVIINOD

(3NIdTV) 033 MaN 40 NOILO3dSNI $S3008d ~ 3NIT o1nV

F1L o443
T 10063 6306 I I I
*NOI11O3dSNI ONV 1S31
e a i T

88sY

oLsy
12°1% 4

Lsle

Nn—n.

€L0s

600%

100¢

€LS8
9682

G260
609
920v
volg
61L8
9¢98
1968

ols8
vevs

0Le8
849¢Y
Livy

8scy

WOJOWY —

WOOOWY
WOOOWY —

ON11S3L

W0J30 —

W0030 e JUVMLH0S

WO23L —
W02s3a

Woos3a

WOJOWY  f—— NOILVINWIS
WOOOWY :

WOOOWY —
WOOVL — = A90704L3NW
WOOVL —
WOJ30

WOJOWY

WOJOWY

WOJOWY

WOJOWY
WOOOWY

NOI133dSN1

WOJOWY
WOQOWY
WOOOWY

WOJOWY —

AONVINNDO SSID0U

48




9zl
1%

9zl
9Z1

¢zl

aZi

66
¥6

66
L6

L6
v6

vL

€8l

961

z8l

z8l

sle

39Vd

62
174}
s0¢

00¢
oLe
L£2
€9
00¢
il
8vl
60
Siy
11:19
9¢6
1 /A1
L6S
Z8l
00z
0se
002
008
008
osL
0sL
0ss
0001
006
0001
026l
0oLl
0ost
00114
108
08L
00L
00L
059
€28
88Yy
A9 4
civ
ale

1S00

L8
S8
L8

88
88
88
L8
88
68
L4:]
98
98
L8
98
14:]
1]
V8
L8
98
1]
88
L8
98
68
V8
98
8
¥8

L8
98
68
14!
88
L8
98
68
88
L8
98
68
V8

W3LSAS ONIUNSYIW LOVINOD-NON TVYNOISNIWIQ 33¥HL V
ALITIOVA NOILO3dSNI ¥3I8ITVO TTVWS
SININODWOD NOJVIM HOd4 TVIYILWW Mvd 40 1ON
SININOJWOD NOJV3IM ¥04 NOILVOITddY 1S3L DINOSWHELIN

STIUANVW Q39W04 A¥VLIOY 40 ONI1S3L LON

—i WILSAS INIWIUNSVAW 371408d 310A0 HONINO
NO1103dSNI dNJ Q3LVWOLNY
—— 6371103r0ud JA15071dX3 NOILVYNIWH3LIQ ALISN3G LS3C-NON oinv

fi WALSAS AVH-X NOILVOId1TdWV 39VWI TVLIOIQ
—— GAS LO3JSNI 3ON3S3ud TIANV ANV HINOOVT 1¥3SNI HIWIdd OLny

L

INIWIBNSYIW SSANQUVH 3SYO 3901dLHVO J1LVWOLNY
10d 001 U3NNVOS WILSAS AVd-X 30 NO1LVOITddv

Flllllll;!.wN:m (d1d) ZELW-S1S3L NOILVHEIA NO1LONAOUd QIACYdWI

(LIW) A90TONHO3L ONILSAL STIVIYILWW

ANAWG1N03 NOILVHEITVO Y04 ONIY33NIONT

(LAW) A90TONHOZL ONILSAL STVIYILWW

(LLW) A90TONHO3L ONI1SAL STIVIYILWW

SIUNSVIW ONIUIINIONT AS0TOGOHLIW LS3L NOILONGOUd WOO3L
FLIL 18043
I I I I TN I RN

»(4U00) NOILO3dSN! ONV 1S3lw
T a2 e

££98
2498

0¢98
6298
6v58
98
19414
86GY

11494
8214

(114
61L%

608t

06£9

slle

0s¢9

0s¢9

ZL0G

180443

WOOONY —]
WOOONY
WOOOWY
WOJOWY

WOJOWY
WOJOWY

WOJOWY
WOOIWY

JON ‘ONILS3L

WOOOWY
WOJOWY

WOJOWY
WOOOWY

WOJOWY —

OUWINY —TYJINVHO3W ‘ONIL1S3L

3aWL

OHWWY — TYO14L0313 “ONILS3L

DUNNY — IWOIW3HD ‘ONILS3L

WOO3L ONILS3L

ONVINOO SS300U

49




1'1%4
<02
902
(¥4
124!

1%2:1)

39vd

0¢9
v8s
(449
1434
os¥
00¢
09¢
091
995
000
0082
0552
00s¢
0¢8l

1S00

‘g8

L8
98
68
v8
8g
a8
88
14:]
88
L8
98
G8
1£:]

S3UNSVIW ONIUIINIONI ASOTOQOHLIN NOILONGOHd WODIL

AD0TONHO3L NOILOIASNI 1GN GIONVAQY

W3LSAS NOILO3dSNI 10d30 NOILVMEIA ISV

INIHOVW 1S3L J33IHMOVOY GILYWOLNY

(S181) W3LSAS NOILD3dSNI 3avi8 GILVH9ILNI

(LLW) A9OTONHOIL ONILSIL STVIUALVW
L Loda
FIIII NI I NI I NN

#(+U0D) NOILO3dSNI GNV 1S3ix
FIHINI NI NI RN

1408
veoy
Zioy
oloy
LLSL

05¢9

"WOO3L ~
WOOVL
WOOV.L
WOOV1

WOOSAY

QWY —

1ON ‘ONILsS3L

$SI00UH

50




Vi. COMMAND PLANS

51




(WODJDJWNYV)
ANVIWIWOD TVIJINIHO ANV SNOILLINNW ‘LNJWVINYYV

53




US ARMY ARMAMENT, MUNITIONS AND CHEMICAL COMMAND (AMCCOM)

AMCCOM, with headquarters at Rock Island, IL, provides and performs
life-cycle management over the accomplishment of total research, develop-
ment, engineering, procurement, and materiel readiness functions for
conventional and nuclear weapons; ammunition (artillery, infantry, gun
type air defense, surface vehicle mounted and aircraft mounted); fire
control systems; chemical warfare and chemical biological defensive
systems/materiel; Ammunition Peculiar Equipment (APE); Test Measurement,
and Diagnostic Equipment (TMDE); and tools and maintenance equipment.

AMCCOM is also the single manager for the procurement, production,
supply, maintenance and transportation of conventional ammunition for the
Department of Defense.

The AMCCOM complex includes the Headquarters, two research and devel-
opment centers, three project managers, four arsenals, 30 ammunition
plants and activities, Defense Ammunition Center and School, and various
other field and support activities. The two research and development
centers (Chemical and Armament) are located at Aberdeen Proving Ground,
Maryland and Dover, New Jersey respectively. The Armament Research and
Development Center includes the Large Caliber Weapon Systems Laboratory,
the Fire Control and Small Caliber Weapon Systems Laboratory and the
Ballistic Research Laboratory. These two research and development
centers are responsible for research, design, development and life cycle
engineering for assigned materiel. Rock Island Arsenal in Illinois is
best known for the production and assembly of gun mounts, receivers and
recoil mechanisms, and for its tool set assembly mission. Watervliet
Arsenal has the unique mission of producing gun and cannon tubes for the
Army, Navy and Marines. Pine Bluff Arsenal is responsible for defensive
chemical munitions and equipment and is the only current site at which
white phosphorous-filled items are loaded. Rocky Mountain Arsenal per-
forms demilitarization of obsolete chemical agent identification sets.

The command is staffed by approximately 22,000 military and civilian

-personnel. Also, 18,000 persons are employed by contractors at AMCCOM
plants.
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AMMUNITION PROGRAM

Bridging the technology gap, particularly in those areas that have no
civilian counterpart, is a challenging task for the Ammunition MMT Pro-
gram. In many respects, the Ammunition program presents unique problems
which require innovative solutions. Current operations involve a great
many hand operations, and methods must be found to efficiently mechanize
these. Batch processes must be converted to continuous processes in
order to take advantage of new materials handling techniques and to
improve the safety of operations.

The primary objective of the Ammunition Manufacturing Technology
Program is to improve existing manufacturing processes, techniques, and
equipment. The second objective is to bridge the gap between development
and full-scale production. The third objective is to solve technological
problems identified in-the program. . 9 P

In response to the Warsaw Pact's formidable offensive capability to
wage chemical warfare, our capability to produce. chemical and biological
defense systems are being upgraded. -~ Improved manuféc;uring‘techniques
are required for decontamination kits, chemical agent detection/warning
systems and protective gear. The most sophisticated of these systems are
first generation sensors which can detect the presence of toxic agents at
remote distances. Hand fabrication methods used during initial develop-
. ment are unsuitable for quantity production. The MT program will.develop
new techniques for fabricating sterling cycle coolers, opticg,»iﬁterfer—
ometers and cyrogenic detectors. These detection system components will
be processed in pilot facilities where the new techniques can be evalu-
ated prior to full-scale production.

High rate production 1s scheduled, late in the 1980s, for a new
precision guided munition for the 8-inch howitzer. It is called sense
and destroy armor (SADARM). The SADARM projectile is fuzed to eject
submunitions over the target area. While each submunition descends, its
fuze detects the infrared signature of a target such as an armored
vehicle. The fuze also selects the exact moment to fire the warhead
which strikes and penetrates the relatively soft top of the target.
SADARM fuze production will benefit from the automated manufacturing,
assembly and testing techniques ‘- being developed for: millimeter wave
devices during this five-year period. ' L

The Manufacturing Methods and Technology effort in the Load, Assemble
and Pack area is guided by four major program goals; improved economy of
operation, improved safety conditions for operating personnel, establish-
ment of a rapid response production capability, and improvements in the
quality of the end product produced. All of these goals must be accom-
plished within the standards and criteria established for pollution
abatement and energy conservation.
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WEAPONS PROGRAM

The major portion of the weapons related MMT projects are conducted
by two AMCCOM arsenals; Watervliet Arsenal (WVA) and Rock Island Arsenal
(RIA). The main emphasis of their programs is the modernization and
upgrading of operations through the REARM program. The purpose is to
reduce costs and improve product quality by taking advantage of the
advances in metalworking technology.

Many of the projects planned for FY 84-88 at Watervliet Arsenal are
related, in whole or in part, to the handling and fixturing of cannon
tubes and their components. Since many items produced at Watervliet are
large, complex and/or require close tolerances, the setup and movement
time are important cost drivers.

A major cost driver at WVA is metal removal. Since the alloys used
in weapons are expensive and difficult to work, producing components
close to final shape will reduce the cost and time required for finish-
ing. Methods being explored include hot isostatic pressing (HIP) and
rotary forging. Projects are also proposed to improve the metal removal
process. High speed metal removal is addressed in several projects. One
such project addresses energy adaptive grinding which makes full use of
the cutting capacity of the abrasive wheel. Some of the other areas in
the Watervliet submission include computer integrated manufacturing,
computer-aided manufacturing, non-traditional surface hardening methods,
chromium plating, tantalum coating, and electropolishing to reduce
fatigue failures in gun tubes.

Cost reductions and productivity increases in manufacturing continue
to be the prime objectives of MMT at Rock Island Arsenal. Because RIA is
a job-shop organization, administration and planning overhead is a sig-
nificant cost driver. By developing an integrated computer-aided manu-
facturing/managment information system the Arsenal will be able to
efficiently control all operations from receipt of an order to delivery
of the product. Some of the management areas addressed include process
modeling, performance measurement, computer-—aided work measurement sys—
tem, and online production information system. . Cost benefits are also
expected from improved material handling and in-process control projects
which are tied into the overall CAM/MIS effort at RIA. Efforts in this
area include robot loading of machines and automated process control.

Since RIA's task is primarily metalworking, there are several proj-
ects included in this area. While all efforts will in themselves reduce
costs, coupling with the Arsenal's overall CAM/MIS will further increase
the benefits. Some of the areas covered include automated control of
foundry melt composition, automated forging centers, and a study to
establish a flexible machining system.
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US ARMY AVIATION SYSTEMS COMMAND

(AVSCOM)

The US Army Aviation Systems Command (AVSCOM) serves as the AMC lead
command for current and future Army aviation research, development, and
procurement. AVSCOM is headquartered in St. Louis, Missouri with subord-
inate activities located throughout the country. The Research and
Technology Laboratories consist of the Aeromechanics Laboratory at NASA
Ames Research Center at Moffet Field, California; the Propulsion Labora-
tory at NASA Lewls Research Center at Cleveland, Ohio; the Structures
Laboratory at the NASA Langley Research Center at Langley AFB, Virginia;
and the Applied Technology Laboratory at Fort Eustis, Virginia. These
 labs perform the majority of aeronautical research and development work.

The overall emphasis of the Army's aviation MMT program is to perfect
technologies which have a good probability of implementation and high
potential benefits. For the most part, efforts are directed towards
projects which offer both cost reductions and product improvements. The
results of these projects will be made available to other Government
agencies and to Industry. '

: The most important criteria of aircraft materials are strength and

low. weight. A large part of the aviation MMT program is dedicated to
establishing processes to replace metals with materials which have better
strength to weight ratios. Composite materials suitable for aviation
have been developed and are being used; however, techniques for the pro-
duction and application of composites need further development to achieve
increased use.

The use of composite materials in Army aircraft is anticipated to
increase as a result of current work in R&D and MI leading to an
all-composite helicopter fuselage. Raw material costs are expected to
decrease with the increased use of composites in DOD and Industry. Also,
as confidence in the use of composites increases, reservations held by
the design and (quality control groups) will diminish, and composites
will be incorporated in the earliest stages of weapon development.

Composite projects are planned for virtually every part of the
helicopter. Many projects are planned for airframe applications. One
project will establish automated methods to eliminate many hand layup and
cutting operations required for the fabrication of the cabin section.
Another will apply ultrasound techniques to the pultrusion of epoxy resin
composites to improve the physical properties of the material and to
speed up the processing. A project in the rotor area will establish a
new method for assembling tail rotor blades which eliminate three sepa-
rate cure/bond cycles. This will be accomplished by using an alternate
blade core material which is compatible with a single cure cycle. 1In the
drive area, one project will result in methods for manufacturing a fila-
ment wound composite gearbox housing.
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There are many areas in aircraft in which metals can not be replaced.
Projects have been submitted to improve production of these items. Since
many aircraft metals used in the propulsion system are tough and expen-
sive, machining to final shape is difficult and produces costly scrap.
Improving powder metal technology will provide components much closer to
final shape, greatly reducing the time and effort to produce the final
product., Several projects are included to implement recent advances in
gear manufacturing and should provide an improved item at a lower cost.
An effort is planned to replace metal turbine blades with ceramic blades.
This will provide better operating characteristics at lower cost.
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US ARMY COMMUNICATIONS AND ELECTRONICS COMMAND
(CECOM)

The US Army Communications and Electronics Command (CECOM), headquar-
tered at Fort Monmouth, NJ, is responsible for research, development and
acquisition of communications, tactical data, and command and control
systems for the Army. In addition to logistics, materiel management,
engineering, maintenance engineering, and product assurance activities,
the command organization includes three technical centers, seven project
managers, and one program manager. The three technical centers include
the Center for Tactical Computer Systems (CENTACS), the Center for Commu-
nications Systems (CENCOMS), and the Center for Systems Engineering and
Integration (CENSEI).  The seven Project Managers include those for the
Position Location Reporting System/Tactical Information Distribution
System (PLRS/TIDS); the Field Artillery Tactical Data Systems (FATDS);
the Operations Tactical Data Systems (OPTADS); the Satellite Communica-
“tions (SATCOMA); the Single Channel Ground & Airborne Radio System
(SINCGARS); the Multi-Service Communications Systems (MSCS) and the Army
Tactical Communications Systems (ATACS). The Program Manager identified
above is for Test, Measurement, and Diagnostic Equipment (TMDE).

CECOM's planned projects cover a variety of electronics problems with
.special emphasis on computer applications and circuit technology. Proj- -
~ ects support efficient manufacturing of custom components for use in
future tactical radios.

Three projects proposed for FY 85-88 funding will develop advanced
methods for production of detector materials and components needed for
night vision devices. Currently, infrared detectors are produced on a
small scale under laboratory conditions. Unit costs are high and
repeatability is low. One near term project deals with scaling up the
distillation of tellurium, a raw material for mercury-cadmium-telluride
(HgCdTe) detectors. A critical measurement for determining the’ quality
of HgCdTe wafers involves a time consuming manual procedure. For FY 88,
a project that will apply automated scanning techniques for high resolu-
tion inspection of the wafer is planned. Another FY 88 project will use
chemical vapor deposition techniques to apply HgCdTe onto gallium arse-
nide wafers.

Additional program funding largely anticipates micro-electronics as
the driving force in componentry and built-in -test capability for
command, control, and communications systems. Computer—dominated
methodologies are inherent in such areas as design, manufacture, and
manufacturing documentation for communications systems and are expected
to be of particular value for the short lead time, low volume production
anticipated for future equipment and systems.
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US ARMY DEPOT SYSTEM COMMAND

(DESCOM)

The US Army Depot System Command (DESCOM), with headquarters at
Letterkenny Army Depot, Chambersburg, Pennsylvania, commands and controls
the twelve depots and seven depot activities in the United States and
West Germany which comprise the US Army Depot System. Activated in
September 1976, this command employs over 37,500 civilians and nearly
1,400 military personnel and manages as annual budget in excess of $1.5
billion.

DESCOM 1is a major interface with the soldier in the field. The
depots store and ship a broad range of general supplies and munitions
managed by the Army Defense Logistics Agency, and other agencies, to US
and allied units worldwide. Half of DESCOM's personnel and three-
quarters of its budget are dedicated to depot-level maintenance on most
of the equipment in the Army's inventory. DESCOM is striving to improve
the productivity of its work force through innovative management tech-
niques and through the acquisition of modern capital equipment, such as
industrial robots. ‘

. DESCOM's planned projects span repair and overhaul operations for
trdacked/wheeled vehicles, communications systems, and aircraft.

The vehicle and aircraft related projects include robotics applica-
tions which will reduce personnel exposure to hazardous cleaning and
refinishing operations, and will improve repair procedures which are
time consuming or labor intensive. Significant efforts are directed to
the overhaul of track pads and road wheels. These include automated
systems for the injection molding and curing processes for replacement
pads and wheels. Engine overhaul operations will be improved by projects
that will automate disassembly, inspection, machining, and reassembly.

In the communications/electronics area, DESCOM will conduct a project
to refinish electronics shelters.
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US ARMY ELECTRONICS RESEARCH AND DEVELOPMENT COMMAND

(ERADCOM)

The Army Electronics Research and Development Command in Adelphi,
Maryland develops a broad range of electronics and electro-optical equip-
ment. ERADCOM maintains programs in such areas as high performance
optical systems which enable soldiers to see deep into the battlefield
day or night, in any kind of weather, and through any type of obscurant.
Some ERADCOM products can neutralize the enemy's electronic warfare
efforts, while others make our weapons less vulnerable to enemy sensors.
The command also specializes in electronic fuzes, radars and radar detec-
tion systems, electronic surveillance devices, meteorological equipment,
thermal imaging devices and lasers.

Seven laboratories are integrated into ERADCOM's structure. These
 laboratories are product oriented and as a result can identify major
problem areas where applied MMT efforts can provide important benefits.
Although ERADCOM and its laboratories identify and manage projects, the
bulk of the actual work is contracted out to industry.

In the category of integrated electronics, ERADCOM ‘will pursue the
.establishment of various technologies for Very High Speed Integrated
- Circuits (VHSIC). These projects include a tape automated bonding
process that is compatible with VHSIC chips; a process to improve the
productivity for ceramic packages; improved processes for grid array and
perimeter chip carriers; and, in-process screening and quality control

methods.

. Another major area of interest is the Common Module detector compo-
nents which are used in night vision systems for the TOW and DRAGON
missiles, night observation devices and thermal sights and viewers for
tanks, helicopters and fighting vehicles. A project is underway to
eliminate the hand fabrication of up to 1000 gold wire bond connections
in each detector and to demonstrate the use of non-glass materials in the
manufacture of the dewar structure. Another project is establishing
techniques for growing a thin epitaxial film of mercury-cadmium-telluride
(HgCdTe) onto CdZnTe wafers. A planned project will improve production
methods in order to maintain critical dimensions in the miniature linear
drive motor that powers the cyrogenic cooler. Other planned projects
will address the high rate production of thermoelectrically-cooled
(Peltier effect) detectors which operate at 3-~5 micron wavelengths.
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US ARMY MATERIALS AND MECHANICS RESEARCH CENTER

(AMMRC)

The Army Materials and Mechanics Research Center (AMMRC) is desig-
nated the AMC lead laboratory for Materials Testing Technology. 1In this
role, " AMMRC is responsible for management and direction of the AMC
materials testing technology activities and formulation of the Materials
Testing Technology (MIT) Program, This program formulation is accom~
plished by identifying and defining materials testing problem areas in
response to system requirements of the AMC major subordinate commands
project managers. The 1lead 1laboratory mission also encompasses the
advising and assisting of the major subordinate commands and project
managers in the utilization of MIT in order to assure a smooth transition
from the developmental to the production phases of the 1life cycle.
Specific areas of effort are as follows:

a. Automated Testing

One of the primary needs in NDT and in inspection in general is to
remove the decision-making from the inspector where possible. Efforts
will be intensively directed toward providing engineering prototype
systems utilizing automated decision-making. These include automated
radiographic and ultrasonic techniques, optical/laser techniques, and
computerized chemical analysis. The ultimate goal in all automated test~
ing systems is the essential feedback to the total system for automated
process control. -

b. Predictive Failure

The need for diagnostic measurement techniques for anticipation of
catastrophic falilure and for the measurement of remaining life, both in
operating equipment and in units being overhauled and rebuilt, presents a
tremendous opportunity for cost savings and reliability improvement. A
principal thrust has come from the loss of diagnostics and in-situ meas-
urements adjunct to non—-destructive testing represents the real time use
of NDT techniques with analysis and decision elements built in.

c. Materials

As the newer materials are utilized in major weapon systems, improved
inspection techniques must be made available to assure adequate and
reliable performance. Of particular interest in the next five years are
composites, elastomers, plastics, and ceramics, with continuing interest
in metals and energetics (explosives, pyrotechnics, and propellants).
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d. Techniques

Specifically covered in the objectives of the MTT Program is the
investigation of specific physical principles which can potentially offer
significant improvement in sensitivity, cost, portability, or speed, and
combination of these. The development and application of techniques,
such as ultrasonics, infrared, holography, spectroscopy, chromatography,
etc, can significantly improve AMC materiel and offer substantial
improvement in process control.

The MIT Program includes the testing of electronic materials and
devices under one of four broad test method categories: nondestructive,
chemical, mechanical, or.  electronics. The recently established
"electronics” category emphasizes the importance of quality assurance
inspection procedures for devices which are often used in mission

critical applications.
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US ARMY MISSILE COMMAND

(MICOM)

The US Army Missile Command is located at Redstone Arsenal, AL, and is
responsible for research, development, and acquisition of missile systems
for the Army. Facilities include flight test ranges, laboratories, and a
simulation center. '

Major systems managed by special project offices include STINGER
(Shoulder-Fired Air Defense Guided Missile), MLRS (Multiple Launched Rocket
System), HELLFIRE (Helicopter—Carried Air-To-Ground Missile), PERSHING
(Extended Range Ground-To-Ground Missile) and the 2.75 Inch Air-To-Ground
Rocket. MICOM is also the Army's center for laser research and manages
efforts to apply lasers in missile guidance and as weapons.

MICOM supports technological thrusts in the following electronics
areas: (1) Manufacturing techniques for multiple chips employing multiple
technologies that are projected to be in the mainstream of the semiconduc-—
tor marketplace for many years to come. (2) Electronic computer-aided
manufacturing and hybrid computer-aided design and manufacturing in order
to automate microelectronic production lines and therefore improve produc—
tivity, increase fabrication speed and decrease unit cost.

The missile guidance system is a major area of effort for MICOM's MMT
Program. Several projects are being applied to integrated circuits and
seekers. They cover laser soldering of surface mounted devices, semiaddi~-
tive fine-line electroless copper plating, an automatic hermetic sealing
system for hybrid circuit assemblies, methods for producing millimeter wave
receivers, growth of detector grade cadmium sulfide crystals and volume
methods for 128 x 128 staring focal plane arrays. Several other guidance
system projects are being planned. These deal with the fabrication of
optical systems and radomes. :

Propulsion system components such as motor cases, nozzles, and propel-
lants are the subjects of several manufacturing technologies efforts. Work
is underway on production processes for fabricating composite motor cases
with integral pole pieces and attachments. Other projects cover a
winding/cocuring process for large motor case insulators and the replace-
ment of asbestos in insulator formulations.

Proposals in the area of test equipment include work on electrical
components where efforts cover screening of chips and validation for semi-
conductor devices. ’
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US ARMY TANK-AUTOMOTIVE COMMAND

( TACOM)

The US Army Tank and Automotive Command is located in Warren, MI,
and has the mission of developing, acquiring, and fielding tracked and
wheeled military combat, tactical, and general purpose vehicles. The
mission is worldwide in scope and includes among its customers all of the
US military services, and friendly foreign natioms. The production base
for mission items is made up of both private and government-owned con-
tractor-operated facilities. MMT efforts are accomplished partially in-
house and partially out-of-house.

The main requirements for the production of armored structures are to
increase their tolerance to ballistic threats while reducing overall
weight. Effective firepower 1is essential; but, the survivability of
modern combat vehicles also depends upon protection and agility. Two
predominant types of armor are used in the latest combat vehicles. In
tanks, hulls and turrets are complex, laminated structures consisting of
steel plates and fiberglass panels. In other combat vehicles, these
items are more conventional weldments which consist of thick aluminum
plates. Armor fabrication requires a great deal of manual labor for
plate cutting, joint preparation, multi-pass welding, weld repair and
stress relief. In response to these problems, TACOM will use MT projects
to establish: automated records handling systems for welding procedures
and process planning documents; weld monitoring systems to detect defect
producing conditions; a plasma-arc plate cutting facility with numerical
controls; high deposition welding techniques for steel and aluminum; and,
advanced NDT inspection systems. To take full advantage of new develop-
ments in combination type and ceramic type armors, it will also be
necessary to develop practices for economical production. TACOM will
sponsor projects covering deformation cycles, fabrication procedures and
attachment methods for these materials.

Another major requirement is to develop production techniques for
drive systems for the Ml Tank and other vehicles. The AGT 1500 gas
turbine will be the subject for several efforts that will bring “down
production costs. Two projects cover scaled-up techniques for applying
erosion and thermal coatings to internal components. Another project
will provide a computer controlled balancing system for the impeller/
rotor. This system will, in real time, remove precise amounts of
material with a laser. The Army is developing an efficient diesel engine
for tactical vehicles. This "adiabatic” engine does not have a cooling
system and operates at temperatures which would char engine oils includ-
ing those with synthetic bases. As a result, lubricating fluids are not
used. Engine components which are subjected to thermal shock, high
dynamic loads and friction are made from advanced ceramic materials. MT
work is being directed to producing consistently high quality silicon
nitride and silicon carbide components.
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In the area of track and suspension, the goals are to introduce
production techniques for more advanced systems that meet demands for
higher performance over brutally adverse terrain. It is a challenge to
keep production costs down and to build in high reliability. Lightweight
casting and surface hardening investigations are being fostered by these

requirements,
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US ARMY TEST AND EVALUATION COMMAND

(TECOM)

TECOM, with headquarters at Aberdeen Proving Ground, MD, 1is the
primary developmental testing agency for the US Army. TECOM plans, con-
ducts, and reports on development tests performed during the life cycle
of Army materiel, and evaluates foreign materiel for possible US acquisi-
tion. Additional testing is performed as a service to the commodity
commands upon their request. The testing organization consists of the
aircraft development test activity, three environmental testing
activities, five proving grounds (one of which serves as the third
environmental activity), and a national missile range., Facilities are
located in the continental United States, the Panama Canal Zone and
Alaska.

Individual investigations into production test procedures and evalua-
tion techniques are accomplished through TECOM's MMT program. In view of
TECOM's mission and the intended results of the MMT efforts (to improve
test procedures), the majority of the work is accomplished in-house.

TECOM's MMT efforts are grouped under two general headings: documen-—
tation and resource comnservation. Individual efforts are funded from
these "parent programs.” Current funding constrains TECOM to an annual
program that supports approximately one-half of their planned efforts.
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US ARMY TROOP SUPPORT COMMAND

( TROSCOM)

The US Army Troop Support Command (TROSCOM), located in St. Louis,
Missouri has a diverse mission to improve the Army's combat readiness.
The scope of their work ranges from amphibious transportation and water-
craft to field support items such as rations, clothing, generators,
bridges, camouflage, mine detectors, air conditioners, water purifiers,
heaters, fuel storage and distribution equipment, compasses, earthmoving
equipment, body armor, and parachutes.

The Belvoir Research and Development Center (BRDC) located at Ft.
Belvoir, Virginia is a subordinate element of TROSCOM. All of the
planned projects in this year's TROSCOM plan originated at BRDC. Major
problem areas confronting BRDC include:

a. Providing military bridges at moderate cost, which have high
mobility and high emplacement speeds while retaining the ability to
withstand the abusive treatment inherent in the battlefield environment.
High strength, low density composite materials offer great promise for
solutions to this problem. Increased production of high strength fiber
materials has reduced materials cost. Techniques for the fabrication and
installation of these materials into usable bridge components is the area
in which large cost reductions are possible. The reduction of presently
used labor intensive methods, through the application of automated pro-
cesses, will reduce component costs. Initial design in these materials
offer improved performance due to the flexibiity possible in material
configuration.

b. Combat vehicle deperming. Armored vehicles have a magnetic
signature which is induced by various manufacturing operations. This
signature makes them vulnerable to magnetic influence land mines. Sev-
eral nations, including the USA, have mines fuzed in this manner. By
exploiting and implementing the knowledge gained by our NATO Allies and
the US Navy, a production facility for removing the magnetic signature
will be designed and fabricated.
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ARMY MMT POINTS OF CONTACT

HQ, AMC

US Army Materiel Command
ATTN: AMCMT/Mr..F. Michel
5001 Eisenhower Avenue
Alexandria, VA 22333

AMCCOM }
US Army Armament, Munitions & Chemical Command
ATTN: AMSMC-PBS-A (R)/Mr. Carrol Schumacher
Rock Island Arsenal

Rock Island, IL 61299

US Army Armament, Munitions & Chemical Command
ATTN: AMSMC-PMP-P (D)/Mr. Donald J. Fischer
Dover, NJ 07801

US Army Armament, Munitions & Chemical Command
Chemical Research and Development Center

ATTN: SMCCR-PMI/Mr. Joe Abbott

Building E5101

Aberdeen Proving Grounds, MD 21010

AMETA

US Army Management Engineering Training Activity
ATTN: AMXOM-SE/Mr. Paul Wagner

Rock Island, IL 61299

AMMRC

US Army Materials & Mechanics Research Center
ATTN: AMXMR-PP/Mr. John Gassner

Watertown, MA 02172

AMRDL

US Army Applied Technology Laboratory
Army Research Technology Lab (AVSCOM)
ATTN: DAVDL-ATL-ATS/J. Waller

Fort Eustis, VA . 23604

AVSCOM

US Army Aviation Systems Command
ATTN: AMSAV-PEC/Mr. Fred Reed
4300 Goodfellow Blvd.

St. Louis, MO 63120

Al

AV:

AV:

AV:

AV:

AV:

AV:

AV:

AV:

202 274-8284/8298
284-8284/8298

309 794-3517/3665
793-3517/3665

201 724-6092
880-6092

(301) 724-3418/3586
584-3418/3586/3010

309 794-4041
793-4041

617 923-5521
955-5521

804 878-5921/2401

. 927-5921/2401

314 263-3079/3080
693-3079/3080



CECOM
US Army Communications Electronics Command

ATTN: AMSEL-POD-P-G/Messrs. Feddeler, C: 201 535~4926
Esposito, Resnic AV: 995-4926

US Army Communications Electronics Command

ATTN: AMSEL-PC-SI-I/Mr. Leon Field C: 201 532-4035

Fort Monmouth, NJ 07703 AV: 992-4995

AMC Intern Training Center
ATTN: AMXMC-ITC-E/Mr. Mickey Carter

Red River Army Depot C: 214 838-2001
Texarkana, TX 75507 AV: 829-2001
Department of the Army

ODCSRDA

ATTN: DAMA-PPM-P/LTC S. Marsh

Room 3C400, The Pentagon C: 202 695-0507
Washington, DC 20310 AV: 225-0506
DESCOM

US Army Depot System Command

ATTN: AMSDS-RM-EIT/Mr. Mike Ahearn _ C: 717 263-6591
Chambersburg, PA 17201 AV: 238-6591
ERADCOM

US Army Electronics R&D Command
ATTN: AMDEL-PO-SP/Mr. Harold Garson

2800 Powder Mill Road C: 202 394-3812
Adelphi, MD 20983 AV: 290-3812
HDL

Harry Diamond Laboratories
ATTIN: DELHD-PO-P/Mr. Julius Hoke

2800 Powder Mill Road C: 202 394-1551
Adelphi, MD 20783 AV: 290-1551
1BEA

US Army Industrial Base Engineering Activity

ATTN: AMXIB-MT/Mr. James Carstens C: 309 794-5113
Rock Island, IL 61299 AV: 793-5113
MICOM

US Army Missile Command

ATTN: AMSMI-ET/Mr. Bobby Park C: 205 876-2604
Redstone Arsenal, AL 35898 AV: 746-2604
MPBMA

US Army Munitions Production Base Modernization Agency

ATTN: SMCPM-PBM-DP/Mr. Joseph Taglairino C: 201 724-6708
Dover, NJ 07801 AV: 880-6708
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RIA
Rock Island Arsenal

ATTN: SMCRI-ENM/Mr. J. W. McGarvey
Rock Island, IL 61299

TACOM

US Army Tank—Automotive Command
ATTIN: AMSTA-RCKM/Mr. Donald Cargo
Warren, MI 48090

TECOM

US Army Test & Evaluation Command
ATTN: AMSTE-AD-M/Mr. William Deaver
Aberdeen Proving Ground, MD 21005

‘TMDE

TS A Army Test Measurement Diagnostic Equipment Support Group

ATTN: AMXTM-S/Mr. Ken Magmant
Redstone Arsenal, AL 35898

TROSCOM

US Army Troop Support Command
ATTN: AMSTR~PT/Mr. Richard Green
4300 Goodfellow Blvd.

~St. Louis, MO 63120

US Army Troop Support Command
Belvoir R&D Center

ATTN: STRBD-HE/Mr. K. K. Harris
Fort Belvoir, VA 22060

US Army Troop Support Command
Natick R&D Center
ATTN: STRNC-EML/Mr. Dan DaLuz
Natick, MA 01760

WA

Watervliet Arsenal

. ATTN: SMCWV-PPI/Mr. William Garber
Watervliet, NY 12189

A3

AV:

AV:

C:
AV:

C:
AV:

AV:

AV:

AV:

AV:

309 794-4142
793-4142

313 574-8709
786-8709

301 278-3677
283-3677

205 876-1850/2575
746-1850/2575

314 263-3353
693-3353

703 664-5433
354-5433

617 651-4883/4882
256-4883/4882

518 266-5319
974-5319



INDUSTRIAL BASE ENGINEERING ACTIVITY (IBEA)
POINTS OF CONTACT
MANUFACTURING METHODS AND TECHNOLOGY

Telephone Number#*

Mr. James Gallaugher, Director (309) 794-5611

Mr. James Carstens, Chief, Manufacturing

Technology Division (309) 794-5113
Mr. Gordon Ney, Chief, Manufacturing Branch —---————- (309) 794-6586
Mr. Ferrel Anderson (309) 794-5235
Mr. Rolf Anderson (309) 794-6586
Mr. Wallace Graham (309) 794-5235
Mr. Robert Hellem (309) 794-6586
Mr. Wayne Hierseman (309) 794-5235
Mr. Andrew Kource, Jr. (309) 794-5235
Mr. Peter Martin (309) 794-5235
Mr. Alan Peltz (309) 794-6586
Mr. John Petrone, Chief, Technology Branch —==——==-- (309) 794-3682
Mr. Delmar Brim (309) 794-6167
Mr. James Bruen (309) 794-3682
Mr. Gaylen Fischer - _ (309) 794-6167
Ms. Cecilia Fuller (309) 794-3682
Ms. Linda Gross (309) 794-3682
Mr. Charles McBurney (309) 794-6167
Mr. Steve McGlone (309) 794-6167
Mr, Dan Richardson (309) 794-3682
Mr. Frank Stonestreet (309) 794-6167
Mr. James Sullivan (309) 794-6167
Mr. Hal Weidner (309) 794-3682

Mr. Steve Yedinak (309) 794-6167

*AUTOVON: 793-XXXX
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PROGRAM PLAN

AMXTB~MT
DISTRIBUTION:

COMMANDERS

Office of Under Secretary of Defense, Research and Engineering, The Pentagon,
Room 2A-330, ATTN: Dr. Lloyd L. Lehn, Washington, DC 20301 (2 cys)

DCSRDA, ATTN: DAMA-PPM-P/LTC S. Marsh, DAMA-CS/MAJ Eby, DAMA-WSA/LTC Ron
Williams, DAMA-WSM/Ms. Janet Fox, DAMA-CSM-P/Mr. John Mytryshyn,
DAMA-WSW/Mr. Jack Lynn, The Pentagon, Washington, DC 20310-0651

Office Asst Secretary of Army, RDA, The Pentagon, ATTN: Mr. William Takakoski,
Room 2E661, Washington, DC 20310

US Army Materiel Command, ATTN: AMCCG, AMCDMD, AMCDMR, AMCPP, 'AMCDE, AMCPP-I,
AMCPP-1/Ms. Mary Brittain, AMCMT/Mr. Fred Michel, AMCQA—E/Mr. Billings,
AMXAM-TL/Technical Library, 5001 Eisenhower Avenue, Alexandria, VA 22333

US Army Armament, Munitions and Chemical Command, ATTN: AMSMC-PMP-P (D)/Mr.
Don Fischer, Mr. Harry Pebly, AMSMC (D), Dover, NJ 07801

US Army Armament, Munitions and Chemical Command, ATTN: AMSMC-CPA-F (R)/Mr.
Jim Bailey, AMSMC-LEP (R)/Mr. Tumasonis, AMSMC-PBS-A (R)/Mr. Carrol
Schumacher, 'AMSMC-QAK-B (R)/Mr. R. Fer, AMSMC-IRM (R), AMSMC-CG (R), '
AMSMC-LEP-L (R)/Tech Library (3 cys) [Defense Technical Information Center,
ATTN: DDR-1 (2 cys)], Rock Island, IL 61299-6000

US Army Armament, Munitions and Chemical Command, Chemical R&D Center, ATTIN:
SMCCR-PMI /Mr. Joe Abbott, SMCCR-CLY-T/Tech Library, Aberdeen Proving Grounds,
MD 21010

US Army Applied Tech Labs, ATTN: DAVDL-ATL-ATS/Mr. J. Waller, Ft. Eustis,

VA 23604

US Army Aviation Systems Command, ATTN: AMSAV, AMSAV-PEC/Mr. Fred Reed,

Technical Library, 4300 Goodfellow Blvd., St. Louis, MO 63120
" US Army Avionics R&D Command ATTN: DAVAA-P-TP/Mr. J. Parker, Ft. Monmouth, NJ
07703 ‘ : ‘

US Army Belvoir R&D Center, ATTN: STRBD, STRBD-HE/Mr. K. K. Harris, Technical
Library, Ft. Belvoir, VA 22060

US Army Communications and Electronics Command, ATTN: AMSEL, AMSEL-POD-P-G,
Mr. Sam Esposito, Mr. Al Feddeler, Mr. Bert Resnic, AMSEL-PC-SI-I/Mr. Leon
Field, RD&E Technical Documents Center, Ft. Monmouth, NJ 07703

US Army Depot- Systems Command, ATTN: AMSDS-RM-EIT/Mr. Mike Ahearn, AMSDS,
AMSDS-QM/Mr. Tom Wolf, Chambersburg, PA 17201

US Army Electronics R&D Command, ATTN: AMDEL, AMDEL-PO-SP/Mr. Harold Garson,
AMDEL-AQ-MC(LEW) /MAJ L. Lewis, 2800 Powder Mill Road, Adelphi, MD 20783

US Army Electronics R&D Command ATTN: DELET-R/Mr. Joseph Key, Ft. Monmouth,

NJ 07703

US Army Foreign Science & Technology Center, ATTN: AMXST-MT1/Mr. James
Wamsley, 220 - 7th Street, NE, Charlottsville, VA 22901 '

US Army Logistics Management Center, ATIN: AMXMD, Ft. Lee, VA 23801

US Army Missile Command, ATTN: AMSMI,,AMSMI-ET/Mr. Bob Austin, Mr. Bobby Park,
RSIC/Magazine Room, Redstone Arsenal, AL 35898

US Army Munitions Production Base Modernization Agency, ATTN: SMCPM-PBM-DP/
Mr. Joseph Taglairino, Dover, NJ 07801

US Army Natick R&D Center, ATTN: STRNC, STRNC-EML/Mr. Dan Daluz, AMXTM-TRL/
Technical Library, Natick, MA 01760

US Army Research Office, ATTN: AMXRO-AO, P.O. Box 12211 Research Triangle

Park, NC 27709 |
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COMMANDERS (Cont 'd)
US Army Tank-Automotive Command, ATTN: AMSTA, AMSTA-RCKM/Mr. Don Cargo, Mr.

Bridg Roopchand, Technical Library, Warren, MI 48090

US Army Test & Evaluation Command, ATTN: AMSTE, AMSTE~AD-M/Mr. William
Deaver, Aberdeen Proving Ground, MD 21005

US Army TMDE Support Group, ATTN: AMXTM-S/Mr. Ken Magmant, Redstone Arsenal,
AL 35898

US Army Troop Support Command, ATTN: AMSTR, AMSTR-PT/Mr. Richard Green,
4300 Goodfellow Blvd, St. Louis, MO 63120

Aberdeen Proving Grounds, ATTN: STEAP-MT-G/Mr. M. Drabo, STEAP-MT-M/Mr. J. L.
Sanders, Aberdeen Proving Ground, MD 21005

Detroit Arsenal Tank Plant, ATTN: AMCPM-M60-TP/CPT Paul Gorishek, 28251 Van
Dyke, Warren, MI 48090

Dugway Proving Grounds, ATTN: Technical Library, Dugway, UT 84022

Harry Diamond Laboratories, ATIN: DELHD-PO-P/Mr. Julius Hoke, 2800 Powder Mill
Road, Adelphi, MD 20783

Night Vision & Electro-Optics Lab, ATTN: DELNV-SE, Ft. Belvoir, VA 22060

Pine Bluff Arsenal, ATTN: SMCPB-CO, Pine Bluff, AR 71602-9500

Rock Island Arsenal, ATTN: SMCRI-CO, SMCRI-ENM/Mr. J. W. McGarvey, Rock
Island, IL 61299-5000

Rocky Mountain Arsenal, ATTN: SMCRM-IS, Commerce City, CO 88020

Watervliet Arsenal, ATTN: SMCWV-CO, SMCWV-PPI/Mr. Bill Garber, Benet Weapons
Lab, ATTN: AMSMC-LCB-TL/Technical Library, AMSMC-LCB-S/Dr. F. Heiser,
Watervliet, NY 12189

White Sands Missile Range, ATIN: STEWS-TE-TL/Technical Library, White Sands,
NM 88002 , ‘ '

Yuma Proving Grounds, ATIN: Technical Library, Yuma, AZ 85364

Crane Army Ammunition Activity, ATTN: SMCCN-QAM-C/Mr. S. Caswell, SMCCN,
Crane, IN 47522

Hawthorne Army Ammunition Plant, ATTN: SMCHW-CO, Hawthorne, NV 89415

Holston Army Ammunition Plant, ATIN: SMCHO-CO, Kingsport, TN 37662

Indiana Army Ammunition Plant, ATTN: SMCIN-CO, Charlestown, IN 47111

Iowa Army Ammunition Plant, ATTN: SMCIO-CO, Middletown, IA 52638

Kansas Army Ammunition Plant, ATTN: SMCKA-CO, Parsons, KS 67357-9107

Lake Cifty Army Ammunition Plant, ATTN: SMCLC-CO, Independence, MO 64051-0330

Lone Star Army Ammunition Plant, ATIN: SMCLS-CO, Texarkana, TX 75505-9101

Longhorn Army Ammunition Plant, ATTN: SMCLO-CO, Marshall, TX 75670

Louisiana Army Ammunition Plant, ATTN: SMCLA-CO, Shreveport, LA 71130

McAlester Army Ammunition Plant, ATTN: SMCMC-PM/Mr. Garold Stevens, McAlester,
OK 74501 ‘

Milan Army Ammunition Plant, ATTN: SMCMI-CO, Milan, TN 138358

Mississippi Army Ammunition Plant, ATTN: SMCMS, 200 Highway 43E, Picayune, MS
39466

Radford Army Ammunition Plant, ATTN: SMCRA-CO, P.0. Box 2, Radford, VA 24141

Scranton Army Ammunition Plant, ATIN: SMCSC-CO, 156 Cedar Avenue, Scranton, PA
18505-1138 : '

Anniston Army Depot, ATTN: SDSAN-MD, SDSAN-DRM-MOD/Mr. R. W. Blicker,
SDSAN-DRM-PPM/Mr. Mike Trowse, Anniston, AL 36202

Corpus Christi Army Depot, ATIN: SDSCC-MPI, SDSCC-CME/Ms. Brenda Lake,
SDSCC-MPI/Mr. Don Wells, Corpus Christi, TX 78419
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Letterkenny Army Depot, ATTN: SDSLE-MM, SDSLE-MME/Mr. David Kaufman,

. SDSLE-MM/Mr. Michael Bacellieri, Chambersburg, PA 17201

Mainz Army Depot, ATTIN: SDSMZ-FMD/Mr. Ruby Demesone, APO New York, NY 09185

New Cumberland Army Depot, ATTN: SDSNC-ME, SDSNC-F/Mr. Joseph Bush,
New Cumberland, PA 17070

Red River Army Depot, ATTN: SDSRR-MO, SDSRR-ME/Mr. Gary Fuller, Texarkana, TX
75507 '

Sacramento Army Depot, ATTN: SDSSA-MPE, SDSSA-QSM-2/Mr, Mike Sheehan,
SDSSA-RPM-1/Pat Coghlan, Sacramento, CA 95801

Seneca Army Depot, ATTN: SDSSE-FX/Mr. Scott Woodworth, Romulus, NY 14541

Sharpe Army Depot, ATIN: SDSSH-FMD/Mr. John Creedon, Lathrop, CA 95331

Sierra Army Depot,. ATTIN: SDSSI-DED/Mr. Donald Smedes, Herlong, CA 96113

Tobyhanna Army Depot, ATTN: SDSTO-M, SDSTO-ME-E/Mr. Frank Estock, Technical
Library, Tobyhanna, PA 18466 4

Tooele Army Depot, ATTN: SDSTE-FM, SDSTE-MAE, SDSTE-FM/Mr. Stan Perkes,
Tooele, UT 84074

West Coast.- TILO, ATTN: Mr. C. Green, 1030 East Green Street, Pasadena, CA
91106

Air Force Systems Command, ATTN: AFSC/DLF, AFSC/PPD, AFSC/PMDE, Mr. G.
Stottlemyer, Andrews Air Force Base, MD 20334

Air Force Systems Command, Space Division, ATIN: SD/PDP/Mr. Henry Black,
P.0. Box 92960, World Postal Ctr., Los Angeles, CA 90009

Air Force Systems Command, ATTN: ASD/ENSID/Mr. John Hiles, Wright Patterson
AFB, OH 45433 o

Air Force Wright Aeronautical Lab, ATIN: AFWAL-LT, AFWAL-LTE, AFWAL-LTM,

. AFWAL-LTN, AFWAL-MLSS, Wright-Patterson Air Force Base, Dayton, OH 45433

Hanscom Air Force Base, ATIN: AFGL-SULL/Mr. R. Bergmann, Mr. John Orphanos,
Bedford, MA 01731

San Antonio Air Logistics Center, AITN: MMEI/Mr. B. Boisvert, Kelly Air
Force Base, San Antonio, TX 78241 :

US Air Force, ATTN: USAF/RDCM, MAJ Eric Ross, The Pentagon, Washington, DC

© 20330 o ,

Long Beach Naval Shipyard, ATIN: Code 202.4/Mrs. Zeoli, Code 300.02/Mr. C.
Rogers, Long Beach, CA 90822 ' /

Los Alamos National Laboratory, ATIN: Mr. A. P. Torres, P.0. Box 1663, Los
Alamos, NM 87545

Naval Air Systems Command, ATTN: Code AIR7640/Mr. R. A. Retta, Washington,
DC 20374 ‘

Naval Avionics Center, ATTN: Code 2143/Mr. Larry Halbig, 6000 East 21 Street,
Indianapolis, IN 46218 ‘ ‘

Naval Material Command, ATIN: Code 064/Mr. J. W. McInnis, Room 700, CP/5,
Washington, DC 20360 :

Naval Mat Comd, Ind Resources Det, ATIN: Officer-in-Charge, Bldg. 75-2,
Naval Base, Philadelphia, PA 19112

Naval Ocean Systems Center, ATTN: Code 926/Dr. Wil Watson, 271 Catalina Blvd.,
San Diego, CA 92152 |

Naval Sea Systems Command, ATTIN: Code SEA-05R23/Mr. T. Draschil, Washington,
DC 20362
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Naval Surface Weapons Center, Dahlgren Lab, ATTN: Code E 431, Dahlgren, VA

22448 .

Naval Surface Weapons Center, White Oak Laboratory, ATTN: Code E345/Mr.
Charles McFann, Silver Springs, MD 20910

Naval Weapons Center, ATTN: Code 36404, China Lake, CA 93555

DIRECTORS
AMC Intern Training Center, ATTN: AMXMC-ITC-E/Mr. Mike Achord, Mr. Mickey

Carter, Red River Army Depot, Texarkana, TX 75507

US Army Ballistics Research Lab, ATTN: AMXBR-BL (A), AMXBR-TSB-S (A), Aberdeen
Proving Ground, MD 21005

US Army Installations & Services Activity, ATTN: AMXEN-RI, Rock Island, IL
61299

US Army Management Engineering Training Activity, ATTN: AMXOM-SE/Dr. Shallman,
Rock Island, IL 61299

US Army Materials & Mechanics Research Center, ATTN: AMXMR, AMXMR-M, AMXMR-PP/
Mr. John Gassner, AMXMR-EO/Dr. Morton Kliman, Technical Library, Watertown,
MA 02172

PROJECT/PROGRAM MANAGERS

US Army Armament, Munitions & Chemical Command, Armament R&D Center, Cannon
Artillery Weapons Systems, ATTN: AMCPM-CAWS, AMSMC-TMA (D), AMCPM-ADG (D),
Dover, NJ 07801

US Army Aviation Systems Command, ATTN: AMCPM-AAH, AMCPM-BH, 4300 Goodfellow
Blvd., St. Louis, MO 63120

US Army Communications and Electronics Command, ATTN: AMCPM-ATSS, AMCPM-SIEW,
AMCPM~ATC, Ft. Monmouth, NJ 07703

US Army Electronics R&D Command, ATIN: AMCPM-FFR, AMCPM-STA, Ft. Monmouth, NJ
07703

US Army Missile Command, ATTN: AMCPM-RS, AMCPM-HDE, AMCPM-MD, AMCPM-MP,
Redstone Arsenal, AL 35898

US Army Tank-Automotive Command, ATTN: AMCPM-FVS-PP, AMCPM-GCM, Warren, MI

48090

Mr. Jean Caffiaux, Electronics Industries Association, 2001 I St., N.W.,
Washington, DC 20006

Ms. Janice Church, Institute of Industrial Engineers, ITT Research Institute,
10 W. 35th St., Chicago, IL 60616

Ms. Marti DeGraaf, Assoc. for Integrated Mfg Tech, 111 E. Wacker Drive, Suite
600, Chicago, IL 60601 (3 cys)

Mr. Samuel F. Etris, American Society for Testing and Materials, Special
Assistant, 1916 Race St., Philadelphia, PA 19103

Mr. William E. Gephardt, Cast Metal Federation, Chairman, Govt. Supply Committee,
4870 Packard Road, Niagara Falls, NY 14304

Mr. Ray L. Gilbert, NASA Headquarters, Mfg Tech Utilization, 600 Independence
Avenue, S.W., Washington, DC 20546

A
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Dr. Walter Goldenrath, NASA, Ames Research Center, Mail Stop 204-10, Moffett
Field, CA 94035

Mr. Tom Heath, Society of Manufacturing Engineers, One SME Drive, P. 0. Box 930,
Dearborn, MI 48121

Mr. William Holt, American Defense Preparedness Association, 1700 N. Moore
Street, Arlington, VA 22209

Mr. James Hontas, American Society for Metals, Metals Park, OH 44073

Mr. John F. Kahles, Metcut Research Associates, Inc., 3980 Rosslyn Drive,
Cincinnati, OH 45209 '

Mr. Warren McGonnagle, Department of Energy, ATTN: DOE/NBL, 865 Saylor Avenue,
Elmhurst, IL 60126

Mr. Thomas O'Connor, US General Accounting Office, 441 G St., N.W., Room 6027,
Washington, DC 20548

Mr. C. G. Scofield, Forging Industry Association, Room 1121 55 Public Square,
Cleveland, OH 44113

Mr. Garland Smith, Defense Logistics Agency, Airways Blvd., Memphis, TN 38114

Mr. Thomas B. Turner, MTIAC Headquarters Office, Case & Company, Inc., Prudential

" Plaza, Suite 2109, Chicago, IL 60601

Mr. Walter Weitner, Aerospace Industries Association, 1725 Desales St., N.W.,
Washington, DC 20036 -

Industry Attendees of the Manufacturing Technology Advisory Group (MTAG) Annual
Meeting, November 1983
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